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中文摘要 
    本研究針對第二語言聲調習得在理論、方法和教學上的議題做探討，透過三
種訓練方法，探索非聲調語言初學者學習國語的四個聲調之聽辨與發聲的表現。
本研究在探討聲調的可訓練性，特別做了兩次後測，以瞭解訓練成效是否可擴及
至新的刺激字(由新的說話者發聲)。十五位在台灣學中文的非聲調語言學習者參
與為期兩週的課外訓練課程。受試者可自由選擇訓練組別，過程中需完成四選一
的辨識測驗。第一組（A 組，人數 =  5）接受聽辨訓練，僅獲得即時的聽覺反饋；
第二組（AM 組，人數 = 5）也接受聽辨訓練，獲得即時的聽覺和語意反饋(相對
應的圖片和英文釋義)；第三組（AV 組，人數 = 5）接受聽辨和發聲訓練，並獲
得即時的聽覺和視覺反饋(聲調的基頻曲線)，受試者得以比對自己和範例曲線的
異同。三組訓練採用相同的刺激字(國語雙音節詞)。聲調訓練為期二~三週，共
做三次測驗(前測 ， 第一次後測和第二次後測) ， 前測和第一次後測內容完全相同，
第二次後測採用新的刺激字(由新的說話者發聲)。組間的比較分析顯示，相對於
無接受訓練的對照組，有接受訓練的三個組別在國語聲調的聽辨和發聲上均有顯
著的進步，結果也同時顯示電腦輔助聲調學習可作為課外訓練課程。進一步探究
各組別的表現，則發現僅接受聽辨訓練的受試者(即A和A M組)比同時接受聽辨
和發聲訓練的受試者(AV 組)有更顯著的進步，換言之，聽辨訓練較能提高第二
語言聲調習得的成效。本研究進一步對各聲調正確聽辨和發聲的平均百分比，以
及聲調偏誤做一比較分析。最後，根據實驗結果本研究建議：僅接受聽辨訓練足
以改善學習者的國語聲調之聽辨與發聲。 
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ABSTRACT 
    This thesis aims to address the theoretical, methodological, and pedagogical 
issues of tonal acquisition in a second language (L2). The present study investigated 
the effects of three training approaches on the perceptual and production learning of 
the four Mandarin lexical tones by groups of non-tonal beginning learners.     
    The  experiment  employed  a  pretest-posttest paradigm. Fifteen non-tonal learners 
of Mandarin Chinese in Taiwan received two weeks of training as extracurricular 
activities. Based on learners’ choices, one group (the A Group, n=5) received 
perceptual training only with auditory feedback involving four-way forced choice 
identification tasks with immediate feedback. A second group (the AM Group, n=5) 
received perceptual training with auditory and meaning-bearing feedback (i.e., 
corresponding pictures and English equivalents of the stimuli) involving the same 
identification tasks during training. A third group (the AV Group, n=5) received 
perceptual and production training with auditory and visual feedback showing pitch 
contours with which trainees can compare their own productions. The same training 
stimuli were used in the three training approaches. Following training, a posttest and a 
generalization test were administered immediately. Pretest, post-test, and 
generalization test data in perception and production were collected from the three IV 
 
groups and were compared for effectiveness of the three training procedures. Percent 
correct scores, perceptual sensitivities and production accuracy to each tone, and tonal 
confusions were also analyzed. 
    The results at post-test showed that the three training groups improved 
significantly in perceptual accuracy of Mandarin tones as compared with a control 
group (the C Group, n=6) and perceptual learning also generalized to new stimuli by a 
new speaker. The three training groups’ production accuracy of Mandarin tones also 
improved significantly at posttest. More importantly, trainees who received the 
auditory-only feedback (i.e., the A and AM groups) showed a greater perceptual and 
productive improvement in identifying Mandarin lexical tones than those who were 
trained with the audio-visual feedback (i.e., the AV group). The results indicated that 
the three training approaches are effective and laboratory based training techniques 
can be implemented in extracurricular activities. These findings imply that the A and 
AM training approaches employed in the current study facilitate the learning of 
Mandarin tones and promote tonal modification of listeners’ tonal properties of L2 
tones. It is also suggested that training only in perception with auditory-only feedback 
is sufficient for improvement in both perception and production of Mandarin tones.   
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CHAPTER 1 
Introduction 
 
1.1 Learning Mandarin Tones 
It is well known that second language (L2) learners often have difficulties with 
perception and production of non-native suprasegments (e.g., Mandarin tones) that 
either do not occur or are realized differently in their first language (L1). An 
interesting question is whether and how Mandarin tones can be learned by non-native 
speakers so that their tone perception and production become more native-like. For 
speakers of non-tone languages (e.g., English, Spanish), learning a tone language can 
be a difficult task. The learners need to learn not only the sound segments, but also the 
four lexical tones of Mandarin. There is evidence that L2 learners can improve their 
perception and production of Mandarin tones through intensive laboratory training 
(Leather, 1990; Wang, Spence, Jongman and Sereno, 1999; Wang, Jongman and 
Sereno, 2003a, Wang, 2008).   
The interrelation of perceptual and productive knowledge over the course of L2 
speech learning has not only an acknowledged theoretical importance in the modeling 2 
 
of the speech faculty as a whole (e.g., Repp, 1984) but also practical implications for 
the design of L2 pronunciation training programs. However, most laboratory based 
studies on L2 speech learning are theoretically rather than pedagogically motivated. 
Most training experiments have aimed at testing some specific theoretical hypotheses 
regarding learning rather than exploring different training methods for ultimate 
improvement through such training.   
Previous findings support the view that the ability to discriminate L2 phonemic 
categories can be improved by lengthy periods of auditory training, as long as 
appropriate methods are used (Logan & Pruitt, 1995). For example, training using 
identification tasks with feedback seems to be more effective than training using 
discrimination tasks (Logan & Pruitt, 1995; Jamieson & Morosan, 1986), and the use 
of materials from multiple speakers during training promotes the creation of robust 
categories (Logan & Pruitt, 1995).   
The potential of visual input in computer-based auditory training has received 
relatively little attention, but this might be expected to enhance acoustic enhancement 
of target non-native contrasts. Much auditory training exploits information given by 
looking at the teacher or speech pathologist’s face. Typically, Audio-Visual (AV) 
feedback provides trainees with dual channel inputs (playing an audio sound file and 
showing the visual component on the same display screen) to assist with the learning 3 
 
of sound segments, suprasegmentals, intonation, and other aspects of pronunciation 
(e.g., Anderson-Hsieh, 1992; de Bot, 1983; Molholt, 1988; Murakawa & Lambacher, 
1996; Ortega-Llebaria, Faulkner, & Hazan, 2001). In fact, learners have been found to 
benefit more from feedback types with dual- or multi-channel input than those with a 
single channel input (e.g., AV audio-pitch graph vs. Audio-only), when learning some 
suprasegmental features, such as lexical tones (So, 2003). However, the long-term 
effects of this kind of AV feedback need further investigation, because the findings of 
the studies were based on the data obtained from an immediate post-test.   
We are motivated by the fact that native English speakers do not use F0 to 
lexically distinguish meaning in spoken language, and the observation that they seem 
to place insufficient emphasis on learning the lexical tone of a word (Peabody et al., 
2004). Currently, not enough data have been collected to make any general claims 
about the effects of lexical tone knowledge on tone perception and production. 
Although it is premature to make any claims about the efficacy of forcing students to 
remember lexical tone in L2 lexical tone training, Peabody et al. (2004) assumed that 
learners were capable of producing tones if they know the lexical tones on a symbolic 
level. We expect that if learners are coerced through a series of exercises to correct 
gaps in lexical tone knowledge, this knowledge could lead to measurable 
improvements in tone perception and production.       4 
 
With an attempt to investigate further the effectiveness of three types of 
feedback—Audio-only, Audio-Meaning (AM), and Audio-Visual (AV) feedback—in 
improving the outcome of auditory training, this thesis explores the effect of three 
training paradigms under laboratory conditions for learning Mandarin lexical tones 
implemented as extracurricular activities for non-tonal learners taking an introductory 
Chinese course. Non-tonal speakers who are highly proficient in English are recruited 
to participate in a short-term training program for learning Mandarin lexical tones. 
The three paradigms consist of perceptual training with Audio-only feedback, 
perceptual training with Audio-Meaning feedback, and perceptual and production 
training with Audio-Visual feedback. It primarily focuses on the effect of the three 
training paradigms on the performance of the trainees in the perception and 
production accuracy of Mandarin lexical tones.   
1.1.1 Difficulties in Learning Mandarin Tones 
Mandarin phonemically contrasts four tones, with Tone 1 having high-level pitch, 
Tone 2 high-rising pitch, Tone 3 low-dipping pitch, and Tone 4 high-falling pitch 
(Chao, 1948). Studies of the acoustic characteristics of Mandarin tones found that the 
differences in tones are manifested physically by different fundamental frequency (F0) 
values (Liu, 1924), with F0 height and F0 contour as the primary acoustic parameters 
characterizing Mandarin tones (Howie, 1976). For native Mandarin speakers, the 5 
 
primary cue for tone contrasts is pitch contours (Liu & Samuel, 2004; Xu, 1997). 
Therefore, native Mandarin listeners attach more importance to “contour” than the 
absolute “height” dimensions of tones (Wang, Spence, Jongman & Sereno, 1999, 
2003a). Learners of Mandarin with no lexical tonal experience often demonstrate 
difficulties in the perception and/or production of Mandarin tone contrasts, since the 
functional association between these F0 characteristics and the segmental structure is 
unfamiliar to them (e.g., Kiriloff, 1969; Bluhme and Burr, 1971; Shen, 1989; Wang et 
al., 1999, 2003a). The difficulty experienced by non-native speakers of Mandarin in 
learning the lexical tones has been well-documented (Gottfried & Suiter, 1997; 
Kiriloff, 1969; Miracle, 1989; Shen, 1989). The American, Australian, and Dutch 
learners in these studies found it particularly difficult to perceive and to produce the 
Mandarin tone pairs, Tone 2 (mid rising) vs. Tone 3 (falling rising), and Tone 1 (high 
level) vs. Tone 4 (high falling), because the tones in each pair share similarities in 
their contour patterns. Learners may misidentify or mispronounce one tone as another 
one. In addition, the incorrect use of tones on the same syllable will change the 
meaning of the word and will lead to miscommunication between interlocutors.    
Mandarin tone thus provides an ideal case for the study of suprasegmental training for 
non-tonal learners.     
1.1.2 Some Concerns about Learning Mandarin Tones 6 
 
L2 learners’ difficulties of perception and production of Mandarin lexical tones 
raise at least two concerns about learning a new tonal system. Learning a speech 
contrast involves mastery of both perception and production. One concern is that the 
nature of the relationship between perception and production is still not clear in L2 
speech learning. Previous laboratory studies have already demonstrated that “lengthy 
periods of auditory training” (Ortega-Llebaria, Faulkner & Hazan, 2001, p. 40) 
improve learners’ abilities to perceive and to produce non-native sound contrasts at 
both the segmental levels (Pisoni, Aslin, Perey, and Hennessy, 1982; Jamieson & 
Morosan, 1986, 1989; Logan, Lively, & Pisoni, 1991; Lively, Logan, & Pisoni, 1993; 
Lively, Pisoni, Yamada, Tohkura, & Yamada, 1994; Bradlow, Pisoni, 
Akahane-Yamada, & Tohkura, 1997; Bradlow, Akahane-Yamada, Pisoni, & Tohkura, 
1999; Lambacher, 2001) and the suprasegmental levels (Leather, 1990; Wang, Spence, 
Jongman and Sereno, 1999; Wang, Jongman, and Sereno, 2003a; Wayland & Guion, 
2004). Overall, these studies have consistently shown that short perceptual training 
improved non-native perception and production accuracy at both the segmental and 
suprasegmental levels. The transfer of learning from perception to production has 
been reported in studies training learners to perceive non-native segments and 
suprasegmentals. Some studies have further indicated that the learners’ new 
knowledge gained from training could be generalized to novel words and novel 7 
 
speakers (Logan et al., 1991, 1993; Lively et al., 1993; Wang et al., 1999; Wang, 
2008), and that the long-term effects of training were retained months later (Live et al., 
1994; Wang et al., 1999). On the contrary, studies of the transfer of learning from 
production to perception are extremely rare. Leather (1990) reports an initial attempt 
to examine the effect of production training on perception. He examined the effect of 
production training on perception of Mandarin words differing in tone in a group of 
Dutch speakers. Leather concluded that training in one modality tended to be 
sufficient to improve the learners’ performance in the other. However, since only one 
syllable was used in training as well as testing in Leather’s studies, the 
generalizability of the learning effect was not easily determined. In addition, previous 
training studies on the acquisition for learning Mandarin tones did not go beyond 
tones in isolation, which is monosyllabic. Future training studies on learning L2 tones 
need to address the problem of perception and production of tones in contexts; that is, 
tones should be perceived and produced in larger linguistic units such as phrases and 
sentences. 
Another concern is that there is a significant gap between some of the key 
research findings of laboratory studies and techniques that have actually been put into 
pedagogical practice (Wang & Munro, 2004). Many researchers in second language 
acquisition (SLA) attempted to assist learners to learn the tones more effectively. For 8 
 
instance, learners have been found to benefit more from feedback types with dual- or 
multi-channel input than those with a single channel input (e.g., AVaudio-pitch graph vs. 
Audio-only, and AVaudio-pitch graph-text vs. Simple text (correct-incorrect)), when learning some 
suprasegmental features, such as intonation (de Bot, 1983), and lexical tones 
(Hardison, 2003; Leather, 1990, 1997; So, 2003). However, the strict laboratory 
procedures used, as well as the theoretical constructs tested, make such studies appear 
irrelevant to pedagogy. Training in the studies cited above has been carried out 
according to fixed schedules, with all trainees receiving the same training procedures, 
irrespective of individual differences and learning styles. With an attempt to address 
the disparity between research and practice on L2 speech learning, Wang (2008) 
implemented extracurricular Computer Assisted Language Learning (CALL) 
activities for students taking an introductory Chinese course. The author 
accommodated individual differences and allowed learners with different L1 
background to take advantage of CALL activities. The learners in Wang (2008) have 
been found to benefit more from Audio-only feedback with a single channel input 
than AV feedback with dual-channel input. However, the effects of these types of 
feedback need further investigation, because the findings of the previous studies were 
based on the monosyllabic stimuli which were comparatively easier to identify than 
larger linguistic units (e.g., disyllabic or trisyllabic stimuli). 9 
 
1.2 The Present Study 
The present study aims to explore the theoretical, methodological, and 
pedagogical issues of learning Mandarin lexical tones by non-tonal speakers. 
Theoretically, the current study intends to investigate the relationship between 
perception and production for learning Mandarin tones. Methodologically, an attempt 
is made to provide the non-tonal learners with three different training approaches in 
perception and production modes (i.e., Audio-only, Audio-Meaning, and Audio-Visual 
training approaches), if all are effective. Pedagogically, this current study explores 
three different training methods for ultimate improvement of Mandarin lexical tones 
through such training. The aim is to provide the students with three different learning 
tools to learn Mandarin tones implemented as extracurricular activities for those 
taking an introductory Chinese course through computer-based perceptual and 
production training. Individual differences will also be accommodated in actual 
teaching settings. To accomplish these goals, the current study will examine (i) the 
relationship between perception and production for learning Mandarin lexical tones 
and (ii) the effects of the three training approaches on the performance of non-tonal 
learners in the perception and production accuracy of Mandarin lexical tones.   
1.2.1 Research Questions 
The current study explores the effect of the three training paradigms for learning 10 
 
Mandarin lexical tones. The general goal of this study is to examine the effect of the 
perceptual training or the perceptual with production training on the perceptual 
learning of Mandarin tones. The other goal is to investigate the effect of the 
perceptual training or the perceptual with production training on production. A group 
of non-tonal learners who are highly proficient in English will receive short-term 
perceptual training or the perceptual with production training on the four Mandarin 
tonal contrasts. A comparison group of non-tonal speakers will participate in the tests 
without training. The three training paradigms consisting of perceptual training with 
Audio-only feedback, perceptual training with Audio-Meaning feedback, and 
perceptual and production training with Audio-Visual feedback will be used for the 
short-term training. Previous training studies on the acquisition for learning Mandarin 
tones did not go beyond tones isolation, which is monosyllabic. This training study on 
Mandarin tone learning addresses the problem of perception and production of larger 
linguistic units, disyllabic words. Moreover, based on the three training modes, this 
study integrates instructional multimedia and the Internet to plan and design an 
efficient and appropriate Mandarin tone teaching website as a learning assistant tool 
for non-native learners.   
Six specific research questions to be addressed are: (1) Will the three training 
paradigms be effective in focusing non-tonal learners’ attention to Mandarin tone 11 
 
contrasts in identifying the disyllabic target words? (2) Will trainees improve their 
perception accuracy of Mandarin lexical tones after taking perceptual training (with 
Audio-only feedback or Audio-Meaning feedback), or perception with production 
training (with Audio-Visual feedback) in terms of increased identification scores after 
training? (3) Will perceptual learning resulting from the three training paradigms be 
generalized to new words produced by a new speaker? (4) Will the perceptual 
learning be transferred to production in terms of increased production accuracy scores? 
(5) If the three training paradigms are effective, what are the advantages of each? (6) 
To what extent will trainees improve their perceptual and production accuracy of 
tones in the final and non-final positions of disyllabic words in terms of increased 
identification scores and production accuracy scores after training? What is the effect 
for position and what is the interaction between tone and position in the perception 
and production accuracy of Mandarin tones? 
1.2.2 The Outline of the Present Study 
The study has five phases: a pretest phase, a perceptual training phase or a 
perceptual with production training phase, a post-test phase, a generalization test 
phase, and a production assessment phase. During the pretest phase, both perception 
and production data from the trained and control groups will be collected as 
pre-treatment baseline information. During the perceptual training or the perceptual 12 
 
with production phase, subjects from the treatment group only will participate in a 1-2 
week perceptual and/or production training. In the post-test phase, both the trained 
and the control groups will repeat the pretest tasks. In addition, a test of generalization 
(in the perception mode only) will be included to assess whether perceptual learning 
is transferred to new words produced by a new speaker. Finally, during the production 
evaluation phase, to assess whether there is any improvement in the trainees’ 
productions of target disyllabic tone contrasts after training, both the trained and the 
control subjects’ productions of target tones in the pretest and post-test, and novel 
stimuli in the generalization test will be identified by two native Mandarin speakers in 
an  intelligibility  task.    
1.2.3 Hypotheses 
    In the present study, two research hypotheses will be tested. The first hypothesis 
focuses on the effect of the three training approaches on perceptual learning of 
Mandarin tones. The second one is about the effect of perceptual and production 
learning on production. They will be described in the following. 
1.2.3.1 Hypothesis 1: The Effect of Three Training Approaches on Perceptual 
Learning of Mandarin tones 
    The first research hypothesis relates to the three training approaches in 
perception domain. It is hypothesized that Audio-only (A-only) and Audio-Meaning 13 
 
(AM) feedback consisting of a single component (audio sound file) would be 
sufficient for improvement in at least perception of Mandarin lexical tones under 
investigation during the short-term training. Although the Audio-Visual (AV) 
feedback provides learners with two components (audio sound file and visual graph) 
in enhancing auditory input, this kind of feedback is probably less applicable to the 
learning lexical tones in that the tone contours of disyllabic stimuli under 
investigation are abstract spatial dimensions for beginning non-tonal learners (Sanders 
et al., 2005). The AV training would draw learners’ attention to the visual cues (i.e., 
tone contour) of Mandarin tones and help learners evaluate their pronunciation errors 
by visually comparing their own pronunciation with a model pattern. In fact, the 
question of how well learners interpret the displays is still an unknown issue. Thus, it 
is expected that the (single-channel) A-only feedback and AM feedback will be more 
effective and helpful than will the (dual-channel) AV feedback in assisting trainees to 
learn the Mandarin tones, because the A-only feedback and AM feedback provide 
audio sound files only to focus their attention to the perceptual properties of lexical 
tones without the unnecessary visual cues (i.e., tone contour) distracting their 
attention. If this is true, then the trainees who are trained with the A-only feedback 
and AM feedback should outperform those who are trained with the AV feedback in 
all the test conditions in the posttest phases (Post test and Generalization test). These 14 
 
results will imply that the A-only feedback and AM feedback is more useful and 
desirable for helping trainees to establish L2 categories (Mandarin tones in this study) 
during short-term training. This also implies that alternating feedback type (by adding 
more channels of input) during lexical tone training is not necessary. Thus, optimal 
training procedures for perceptual training do not need to include this AV approach. 
1.2.3.2 Hypothesis 2: The Effect of Perceptual and Production Learning on 
Production  
The second research hypothesis is about the perceptual and production learning 
on production. One of the goals of the current study is to examine the possibility of 
trainees’ perceptual learning of Mandarin tone contrasts being transferred to 
production without undergoing any training in production. According to the SLM, 
better perceptual learning will lead its way to better performance in production. If the 
results indicate that perceptual learning of the trainees in the perceptual training 
groups (i.e., the A and AM groups) is better than that in the perceptual and production 
training group (AV group), it is expected that according to the SLM perceptual 
training only will result in better performance in production accuracy than the AV 
training. Although the AV approach involves perception and production training, this 
does not imply that the AV training would result in better learning outcomes in 
production accuracy than the perceptual training only. AV feedback relies heavily on 15 
 
learners’ own judgments in determining the differences between their own 
productions and the models (see Chun, 1998). In fact, reading tone contours of the 
disyllabic stimuli under investigation could be difficult for learners who do not have a 
sufficient background in phonetics or in linguistics. For example, Tone 3 in the 
di-initial position (low-dipping without rising) is easily misperceived as Tone 4 
(high-falling) and thus the produced Tone 3 or Tone 4 by the learners may not 
resemble the target tones. If this is true, the AV training may not be very helpful in 
assisting learners to realize the fine phonetic differences between the target tone 
contrasts. Thus, optimal training procedures for perceptual and production learning on 
production do not need to include this AV approach.   
1.2.4 The Organization of This Thesis 
The organization of this thesis is as follows. Chapter 1 provides the background 
and research questions of the present study. Two hypotheses are proposed. Chapter 2 
is an overview of current theories and empirical studies of L2 segmental and 
suprasegmental perception and production. The discussion includes background 
information about the influence of native language on human speech perception from 
infancy to adulthood (with particular attention being paid to L1 constraints on adults’ 
non-native sound contrasts), and the difficulties adult L2 learners face in the 
perception of non-native speech sounds. The review also includes two influential 16 
 
models in L2 perception, the Speech Learning Model and the Perceptual Assimilation 
Model. In addition, this chapter reviews studies of perceptual and production training 
under laboratory conditions. Success in the perceptual learning of non-native 
segmental and suprasegmental contrasts through laboratory training is directly related 
to variables such as the background of the trainees, the types of speech contrasts, and 
the training procedures adopted. Various training techniques used in previous studies 
are introduced and compared for their effects on learning. The discussion covers five 
areas: (1) experiment design, (2) training procedures such as task type, stimuli 
presentation, and the duration of training, (3) the role of feedback in training (4) 
assessment of the effect of training, and (5) the limitations of previous studies that 
motivate the current study. Next, the prosodic systems of the two languages in this 
study (Mandarin: the target langue; English: a stress-accent language) will be 
described for non-tonal learners’ (mainly English-speaking learners) performance 
before and after training. Finally, the outline of the present study together with 
research questions and hypotheses will be provided.   
Chapter 3 reports the design, implementation, and results of the three training 
approaches for learning four Mandarin lexical tones. The perceptual training program 
followed the high-variability procedure developed by Logan et al. (1991). That is, 
non-tonal listeners were trained to identify the four Mandarin tones appearing in a 17 
 
variety of phonetic contexts in natural words, produced by a variety of talkers. The 
pretest – three training approaches – post-test procedure is followed by a 
generalization test immediately after the training is completed to assess the training 
effects and generalization of novel stimuli and talkers.   
Chapter 4 reports the results of the evaluation procedure – an intelligibility test – 
that is carried out to assess the effect of either the perceptual training or the perception 
with production training (described in Chapter 3) on non-tonal subjects’ productions 
of Mandarin disyllabic words under investigation. In the intelligibility task, the 
trained and control groups’ productions of disyllabic stimuli at pretest and post-test 
are identified by two phonetically trained native Mandarin listeners to determine 
whether the trainees’ intelligibility in production has improved as an effect of training.   
Chapter 5 summarizes the findings and discusses the implications of the current 
study. The goals of the study and the research questions are revisited in a discussion 
of general findings. Contributions and limitations of the current study are summarized 
as well.   
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CHAPTER 2 
Literature Review 
 
2.1 Current Trends and Research on Adult L2 Speech Perception 
2.1.1 Introduction 
In recent decades, empirical studies of L2 perception and of infant speech 
perception have led to theories that increase our understanding of adult L2 speech 
learning problems. Previous theories of L2 acquisition have generally found that 
adults are inferior to children in the ability to perceive and produce foreign speech 
sounds. The belief in the possibility that children enjoy an innate ability to acquire 
languages more easily and accurately than adults leads to the Critical Age Hypothesis 
(CAH), stating that cerebral lateralization occurs after puberty, accompanied by the 
loss of neurological plasticity of the brain, resulting in a reduction in language 
learning ability (Lenneberg, 1967). However, other researchers have found out that in 
order to maintain the integrity of this ability, there should be specific types of early 
experience, and that the absence of this early experience may result in a partial or 
complete loss of the perceptual ability. The loss might be irreversible even when this 
experience is acquired at a later point in language development (Pisoni, Lively and 19 
 
Logan, 1994). This “loss” statement raised a very serious implication for second 
language teachers because, if the loss was in fact irreversible, then training students to 
identify phonetic distinctions was not possible. A series of attempts to use 
laboratory-based training procedures turned out to be unsuccessful (Strange and 
Jenkins, 1978). Therefore, over the past two decades, the debate on the CAH has not 
led to complete agreement.     
In order to have a better understanding of L2 speech learning problems, it is 
necessary to examine the related research in infant and adult speech perception, the 
effect of L1 experience on L2 speech perception, L2 learners’ cross-linguistic speech 
perception and production, and the relationship between L2 speech perception and 
production.  
2.1.2 The Nature of Developmental Change: From Infants to Adults 
The effect of native language has far-reaching consequences on the process of 
human language development. Learning the phonetic categories of the native 
language is one of the listeners’ earliest achievements. Research in infant speech 
perception has led to the consensus that infants have the ability to perceive speech 
sounds at a language-general level in the first six months of life. Young infants under 
six months of age are able to discern a wide range of universal phoneme contrasts that 
do not exist in the native languages. Studies of early infant speech perception have 20 
 
focused mainly on consonants, since infants can perceive speech sounds, particularly 
consonants, categorically. For instance, English-learning infants can discriminate 
non-native contrasts in French and Czech (Trehub, 1976), Hindi (Werker, Gilbert, 
Humphrey, & Tees, 1981), Nthlakampx (Werker & Tees, 1984a), Spanish (Aslin, 
Pisoni, Hennesy & Perey, 1981), Zulu (Best, McRoberts, & Sithole, 1988), German 
(Polka & Werker, 1994), and Mandarin (Tsao, Liu, Kuhl, & Tseng, 2000).     
However, starting in the later six months of the first year of life, infants’ speech 
perceptual pattern undergoes profound change due to increasing experience with the 
ambient language (Best, 1994; Polka & Bohn, 1996; Strange, 1995; Werker, 1994; 
Werker & Polka, 1993). The ambient language models and shapes infants’ abilities to 
perceive human speech sounds. Specially, studies have demonstrated that infants 
show a declining ability to discriminate non-native contrasts by 10-12 months of age. 
Infants show discrimination responses only for phonetic contrasts which occur in the 
environmental language. Their perceptual abilities changing from language-general to 
language-specific impose difficulties in adults’ L2 learning. For example, Werker 
(1989) carried out a study in which she traced how speech perception changed during 
development. She tested groups at different ages (adults, twelve, eight, and four years 
old, and eight months old), concluding that there was strong evidence that the decline 
in universal phonetic sensitivity was occurring during the second half of their first 21 
 
year. In her study, she argued that recovery of sensitivity was very difficult for adults, 
and that after several hundred trials, English speaking adults were unable to 
discriminate the most difficult Hindi contrasts. Other previous studies for vowels and 
lexical tones made the similar conclusion that this perceptual pattern changing from 
language-general to language-specific started in the later six months of the first year 
of life (Harrison, 2000; Mattock & Burnham, 2006; Polka & Werker, 1994).   
The shift from language-general to language-specific in perceptual patterns is 
now viewed as attentional reorganization for speech functions rather than as a “loss” 
of sensory abilities in adulthood (Best, 1994; Polka & Bohn, 1996; Strange, 1995; 
Werker, 1994; Werker & Polka, 1993). Werker (1995) suggested that developmental 
change may be caused by an attentional or perceptual reorganization that occurs some 
time before 4 years of age. This view of attentioinal reorganization from infancy to 
adulthood can also be supported by the evidence that adult L2 learners’ perceptual 
ability improves as a function of increased experience in the L2 environment (Bohn & 
Flege, 1990, 1992; Flege, Bohn, and Jang, 1997). In addition, L2 experience can also 
be gained through laboratory training. Supporting evidence can be found in several 
training studies which have demonstrated that perceptual learning can take place 
during relatively short but concentrated periods of training (e.g., Bradlow et al., 1997; 
Logan, Lively, & Pisoni, 1991, 1993; Logan & Pruitt, 1995; Pisoni, Aslin, Perey, & 22 
 
Hennessy, 1982; Strange, 1992; Yamada, 1993). 
2.1.3 The Effect of L1 Experience on Adult L2 Learners’ Speech Perception 
Throughout the course of language development, one important factor that is 
known to constrain human perception of non-native sounds is L2 learners’ linguistic 
experience with their native language (Best, 1995; Flege, 1995a; Polka, 1991; Strange, 
1995). In this view, adult L2 learners differ from children acquiring their first 
language in that the former perceive and produce L2 sounds with reference to the 
linguistic categories of their existing native language system. Thus the influence of 
the adults’ firmly established L1 phonetic system is believed to impose constraints on 
L2 learning, and hinder the establishment of new L2 sound categories.   
Studies of cross-linguistic perception of non-native segmental contrasts often 
indicate that adult listeners perceive such contrasts with difficulty. For example, the 
most numerous and notable are those of native Japanese speakers’ problems with the 
English /r/-/l/ distinction (Bradlow et al., 1997; Lively et al., 1994; Logan et al., 1991; 
Mackain et al., 1981; Miyawaki et al., 1975; Sheldon & Strange, 1982; Yamada, 1993, 
1999). Problems with perception of non-native vowel contrasts are also common 
(Baker & Trofimovich, 2000; Bohn & Flege, 1990; Flege et al., 1999; Gottfried, 1984; 
Gottfried & Beddor, 1988; Gottfried & Suiter, 1997; Ingram & Park, 1997; Munro, 
1993; Munro et al., 1996; Polka, 1995; Strange et al., 1998; Wang, 1997, 1998; Wang 23 
 
& Munro, 1998, 1999). Evidence for L1 constraints on L2 suprasegmental features 
has also been documented. However, most of the studies focused on stress or 
intonation patterns learned by L2 learners (e.g., Archibald, 1992; Jun & Oh, 2000; 
Guion, Harada, & Clark, 2004). 
Adult L2 learners often have difficulties in perceiving and producing L2 sounds 
that are not found in L1. Empirical research has revealed that, with sufficient 
experience and exposure, adult L2 learners can authentically perceive or produce 
novel L2 phones which are judged to have no L1 phonemic counterparts. 
Cross-linguistic speech perception studies have shown that adult L2 speakers often 
assimilate L2 sounds to relevant L1 phones in L2 speech perception and production. It 
is assumed that the degree of approximation to L2 sounds depends on learners’ 
‘‘perceived phonetic similarity’’ of L2 sounds to their L1 phonetic categories. In 
addition, there is considerable previous research showing that adult L2 speech 
perception and production problems are due to assimilation of L2 segments to L1 
categories (Wang, 1997, 1998; Baker and Trofimovich, 2000; Ingram and Park, 1997; 
Beddor and Strange, 1982; Polka, 1991). For example, in a series of studies, Wang 
(1997, 1998) found that native Mandarin speakers residing in Canada had difficulties 
both perceiving and producing English vowels that do not have Mandarin 
counterparts. In both perception and production tasks, the substitution of L1 vowel 24 
 
categories for English vowels was also common. In another study of native Korean 
speakers’ perception and production of American-English vowels, Baker and 
Trofimovich (2000) found that Korean late arrivals to the United States with a 
relatively long residence of 10 years in the L1 environment had problems both 
perceiving and producing the English vowels /ɪ/-/ʊ/. Korean speakers often 
substituted the L1 vowel categories for English vowels that do not have Korean 
counterparts. 
In fact, it is difficult for L2 learners to form separate phonetic categories for 
those L2 sounds that are similar to L1 counterparts (Flege, 1987; Best et al., 1988). 
L2 learners are more likely to perceive or produce new, rather than similar, L2 phones 
authentically (Flege, 1987). In their study of English vowel acquisition, Bohn and 
Flege (1992) hypothesized that phonetic learning for similar sounds does not progress 
much along with L2 experience, whereas new sounds benefit from learning. Wang et 
al. (1999) provided a piece of evidence that the pattern of L2 suprasegmental 
acquisition might be analogous to that of segmental acquisition, with respect to L1 
interference. Given the findings in Wang’s et al. (1999) study, it might be that Tone 1 
and Tone 4 are most resistant to improvement, since they are both comparable to the 
English unmarked or stressed condition. While the initial difficulty in distinguishing 
Tones 2 and 3 has been attributed to their acoustic similarities (Chen, 1997; Moore 25 
 
and Jongman, 1997), Tones 2 and 3 were improved greatly after training. It might be 
speculated that since these two tones are so novel to the English listeners, these 
listeners are more attentive to their distinctions in training. That training can fine-tune 
distinctions as subtle as Tones 2 and 3 may well be due to the novel nature of these 
two tones to the American listeners.   
Evidence from empirical studies has led to theories or models of perceptual 
assimilation. These theories hypothesize that adult L2 speech perception problems are 
due to L2 segments and suprasegmentals being assimilated to L1 categories. In 
cross-linguistic perception, the most influential models in recent decades are Flege’s 
Speech Learning Model (SLM) and Best and her colleagues’ Perceptual Assimilation 
Model (PAM). Both models attempt to explain how the L2 sounds are related to and 
assimilated to the L1 system at different levels (phonemic, phonetic) to predict levels 
of difficulty in perceiving the non-native contrasts.   
2.2 Speech Perception Models   
In cross-language perception, two influential models have been proposed to 
explain why the perception and production of many non-native segmental contrasts 
are difficult for adults: the Perceptual Assimilation Model (PAM) (Best, 1994; Best, 
McRoberts and Sithole, 1988; Best and Strange, 1992); and the Speech Learning 
Model (SLM) (Flege, 1999, 1995a, 1991, 1987). Despite the fact that both models 26 
 
recognize and predict the effects of a L1 system on learning L2 sound segments, the 
two theoretical frameworks approach the issue from different perspectives. 
2.2.1 The Perceptual Assimilation Model 
Best’s Perceptual Assimilation Model (PAM) (1994, 1995) aims to account for 
the abilities of naïve non-native listeners to perceptually discriminate pairs of 
non-native phonemes. The PAM hypothesizes that naïve adult listeners have a strong 
tendency to perceptually assimilate non-native sounds to the closest sound in their 
native system in terms of articulatory similarity (Best, 1994, 1995; Best, McRoberts 
& Goodell, 2001). During this perceptual process, a non-native phoneme may be 
assimilated to a native category in one of the following three ways: (1) assimilated as 
a Categorized exemplar for some L1 phoneme, (2) assimilated as an Uncategorized 
segment that falls somewhere in between two native phonemes, or (3) assimilated as a 
Nonassimilable nonspeech sound that has no identifiable similarity to any native 
phoneme.  
The PAM model goes beyond the range of one-to-one segment comparisons 
between the L1 and L2 systems. The PAM further states that two members of a 
non-native contrast can be assimilated to native phones in a number of different ways. 
1. Two Categories assimilation (TC): Two non-native phones could be 
assimilated to two phonetically similar native phones separately. 27 
 
Discrimination between the non-native contrasts is expected to be excellent.   
2. Single Category assimilation (SC): Two non-native phones could be 
assimilated to a single native phoneme equally well or poorly. Discrimination 
is predicted to be poor.   
3. Category Goodness Difference in assimilation (CG): Both non-native 
phones could be assimilated to a single native phoneme with different phonetic 
match which will result in one better assimilated than the other. Discrimination 
is expected to be moderate to very good.   
4. Uncategorized-Categorized assimilation (UC): One non-native phone 
assimilates to a native category, while the uncategorized one cannot be 
assimilated to any native category. Discrimination is expected to be very good. 
5. Uncategorized-Uncategorized assimilation (UU): Both non-native speech 
sounds are perceived as speech but cannot be assimilated to any native speech 
categories. Discrimination is still affected by L1 phones for uncategorized 
assimilations, but less so than for categorized ones. Discrimination should 
range between fair to good, depending on the similarity of the two non-native 
phones to each other and to other native phonemes.   
6. Non-Assimilable (NA): When both of the speech sounds are completely 
dissimilar to any native phoneme, the pair will be perceived as non-speech 28 
 
sounds. In this condition, native phonology does not have any influence on it. 
Discrimination should be good to very good. 
In addition, the PAM predicts that there is a gradient of discrimination levels for 
the assimilations. Discrimination of TC will be highly accurate and least difficult, the 
SC the most difficult and the CG in the middle range (i.e., TC > CG > SC), from quite 
difficult to easy depending on the degree of “goodness” between the two phones 
perceived. The unassimilable L2 sounds should also be easy to differentiate, 
depending on the perceived auditory or phonetic difference independent of the L1 
phonemic system. Based on the discrimination levels for the assimilations, we could 
predict that existing L1 phonology may enhance, hinder, or exert no effect on the 
discrimination of non-native contrastive sounds. Native phonology may enhance the 
ability to distinguish the two non-native phones when they are assimilated separately 
(TC). On the other hand, native phonology will hinder discrimination when two 
non-native phones are assimilated into a single L1 phoneme (SC). In the case that the 
non-native phones are perceived as non-speech sounds (NA), native phonology will 
neither help nor hinder discrimination. 
It should also be mentioned that in the PAM the effect (or constraint) of the 
native language on perception of non-native contrasts is “neither absolute nor 
permanent, and hence, cannot be fully accounted for by sensory-neural mechanisms” 29 
 
(Best, 1994, pp. 173). Indeed, adults’ difficulties in perceiving non-native contrasts 
could be improved through the naturalistic experience of the L2 sounds (e.g., 
MacKain  et al., 1981). In addition, L2 experience can also be gained through 
laboratory training (see the detailed discussion in Section 2.4). 
PAM’s predictions have been tested using a wide variety of languages and 
phoneme contrast types including English listeners perception of Zulu clicks (Best et 
al., 1988; Best et al., 2001), Farsi consonants (Polka, 1992), Salish consonants (Polka, 
1992), Hindi stop consonants (Polka, 1991) and Norwegian, French and Thai vowels 
(Best, Faber, and Levitt, 1996); Japanese and French listeners perception of English 
approximants (Best and Strange, 1992; Halle, Best, and Levitt, 1999); and Japanese 
listeners perception of a variety of English consonants (Guion et al., 2000). Generally, 
the predictions of the model have been born out. However, the vast majority of the 
work testing the model has used consonants and isolated monosyllables and the 
predictions are based on segmental contrasts without an account of suprasegmental 
contrasts (e.g. Mandarin tones) across languages. Halle et al. (2004) represents the 
only attempt to apply the predictions of PAM to prosodic contrasts. Halle et al. 
speculate that the mapping from French to Mandarin may be one of a Both 
Uncategorizable pair where discrimination would depend on perceived similarity 
between intonation contours (French) and tone contours (Mandarin) and their 30 
 
relationship to native language contours.     
2.2.2 The Speech Learning Model   
Flege’s Speech Learning Model (SLM) (1995a, 1999) focuses on second 
language learning, aiming to explain “age-related limits on the ability to produce L2 
vowels and consonants in a native-like fashion” (Flege, 1995a, pp. 237). The SLM’s 
main concern is “the ultimate attainment of L2 pronunciation” (Flege, 1995a, pp. 238). 
According to the SLM, the ability to acquire new representations for speech sounds 
remains intact across the life span, but it becomes more difficult as the age of first 
exposure increases. The SLM proposes that when the native language is firmly 
established, as is the case for adult L2 learners, they are more likely to interpret novel 
sounds with respect to the native system and therefore will have difficulty establishing 
the necessary new categories in the second language. It should also be mentioned that 
the SLM is a dynamic model in the sense that it also predicts the change in learners’ 
perceptual patterns as a function of increased L2 experience in the course for learning.   
In the early version of the SLM, Flege adopted the categorization of “new” and 
“similar” between the L1 and L2 phones. The concept “new” refers to the ability L2 
learners have to create a “new” phonetic category once they perceive that a sound 
differs from a corresponding sound in the L1. The greater the phonetic dissimilarities 
between the closest L1 and L2 categories perceived by learners, the greater the chance 31 
 
that a “new” phonetic category will be created. However, if the L2 and L1 phonetic 
categories are very similar, the existing L1 categories will pose more difficulties 
because “equivalence classification” will block the formation of the “new” L2 
categories. 
In more recent years, Flege has adopted the term of “perceived phonetic 
differences” between the L1 and L2 phones or two L2 phones to explain how much 
the L2 learner hears the phonetic differences between the target contrasts. The 
modified version of the SLM seems to emphasize the role of the perceiver more than 
the nature of the acoustic differences between the two phones. The emphasis on the 
listeners or perceivers in terms of “perceived phonetic” distance would also provide 
better explanations for learner differences in the same L1 group learning the same L2 
contrasts. For example, certain phonetic differences between an L1 and L2 phone may 
be perceived by some but not by other learners from the same L1 speaking group.   
Although the SLM has been slightly modified over the years, the central idea of 
the model remains unchanged. According to Flege (2005), the aim of the SLM is to 
account for how individuals learn or fail to learn to produce and perceive segments in 
a second language at the phonetic level. The SLM is also explicit about the 
perception-production relationship. In the SLM, perception at first leads to production 
and then as learners gain proficiency, their perception and production of non-native 32 
 
sounds are brought into closer correspondence with each other. The SLM claims that 
once the learners have established a category for representing a novel sound, their 
production of that sound will be as good as that of a native speaker of the L2, 
providing that their phonetic categories have been accurately represented. The 
predictions of the SLM have been verified by using consonants (Flege, 1987; Flege 
and Eefting, 1987; MacKay et al., 2001), vowels (Flege, MacKay and Meador, 1999; 
Flege, Schirru, and MacKay, 2003; Flege and MacKay, 2004), and Mandarin tones 
(Leather, 1990; Wang et al., 1999; Wang et al., 2003a; Wang, 2008).These 
experiments have generally upheld the predictions in this model.      
In summary, both the PAM and SLM models hypothesize that adult L2 speech 
perception problems are due to the assimilation of L2 segments to L1 categories 
although the nature of such assimilation is characterized differently. While the PAM 
focuses on naïve listeners’ first-time encounter with completely unfamiliar non-native 
sound contrasts (Best & Tyler, 2006), the SLM centers on L2 learning by bilinguals at 
varying stages (e.g., early vs. late bilinguals). Since one of the purposes of the present 
research is to train beginning learners of a L2 (Mandarin) tonal system, only listeners 
without any prior L2 tonal experience before training will be recruited. Thus, analyses 
of the present study will be placed within the framework of the PAM. In addition, the 
SLM model will also be proposed to account for the perception-production 33 
 
relationship in this thesis. Although both the PAM and SLM originally focused on the 
perceptual assimilation of the L2 sounds to L1 phones at the segmental level, this 
study will further explore the possibility that both models could be applicable at the 
suprasegmental level as well.   
2.3 The Relationship between Perception and Production 
While studies with children provide evidence that perception precedes 
production (Williams, 1979), studies with adults have proved that production can in 
fact precede perception (Goto, 1971; Sheldon and Strange, 1982; Liberman et al., 
1967). Whether perception precedes production or production precedes perception 
may be determined by earlier development of speech perception in children. 
Empirical evidence has showed that speech perception develops according to the 
language environment of the individual. The L2 learner’s perceptual system can be 
modified through linguistic experience and through training (Derwin, Munro, and 
Wiebe, 1998). The question has often been addressed whether perceptual training can 
affect production, so that training efforts could result in positive transfer from one 
modality to the other. As the ultimate goal of learning the sound system of a target 
language is the success in both perception and production, perceptual learning cannot 
be completely evaluated without examining its relation with production. Therefore, 
the relationship between perception and production is an important issue in L2 34 
 
phonetic learning.   
Current L2 speech learning models are perceptually based. Both the PAM and 
SLM relate L2 learners’ problems in L2 speech learning to the perceptual assimilation 
of non-native sounds to their L1 phones. According to these models, a speaker’s 
problems lie mostly in perception. The SLM model hypothesizes that perceptual 
learning will eventually lead its way to production. Such a prediction of a link 
between perception and production certainly distinguishes this model from other pure 
perception models, such as Best’s PAM model.     
The results of training studies carried out in laboratories over the past two 
decades provide evidence for a link between perception and production. Previous 
research has shown that there was the transfer of learning from perception to 
production in that adult human perceptual system can be modified with auditory 
training of L2 segmental properties (e.g., Rochet, 1995; Bradlow et al., 1997, 1999; 
Logan, Lively, and Pisoni, 1991). Further studies extended the training procedure to 
the suprasegmental level by training non-native listeners to perceive and produce 
Mandarin Chinese tones. These studies have consistently shown that, after short 
perceptual tone training, non-native speakers of Mandarin improved both their 
perception and production of Mandarin tones (Leather, 1990, 1997; Wang, Jongman, 
and Sereno, 2003a; Wang, 2008). Leather (1990) reports an initial attempt to examine 35 
 
the effect of production training on perception. This study examined a group of Dutch 
speakers who were trained to produce four Mandarin words (with the same syllable 
“yu”) differing in tone. Leather found that the Dutch speakers were able to perceive 
the differences in tone after the production training. The author also observed an 
effect of perceptual training on production. Leather concluded that training in one 
modality tended to be sufficient to improve the learners’ performance in the other. In 
a parallel perceptual and production training study of non-native speakers’ perception 
and production of the four Chinese tones at lexical level, Leather (1997) found that 
training in one domain only resulted in success in the performance in the other. Wang 
et al. (2003a) also showed that the tone contrasts gained perceptually transferred to 
production. The results suggest that perceptual training produces highly generalized 
learning that yields long-term modifications of the learners’ perception and 
production of Mandarin tones. Further study (Wang, 2008) also showed that for the 
perceptual training group (with auditory-only feedback), the perceptual and 
production accuracy of Mandarin tones improved significantly at post-test. The author 
concluded that the perceptual training is sufficient for improvement in both perception 
and production of Mandarin tones.     
    To  summarize,  cross-language  studies and training experiments under laboratory 
conditions have provided empirical evidence that speech perception and production 36 
 
are closely related in L2 speech learning at both the segmental and suprasegmental 
levels. The results of the current study will provide empirical data on the relation 
between non-native speakers’ perception and production of the four Chinese tones at 
lexical level.   
2.4 Review of Perceptual and Production Training on Non-native Tonal 
Contrasts 
As discussed in the previous sections, the causes of difficulties in cross-linguistic 
speech perception and production were explored from several different perspectives. 
The L1 effect (or constraint) on L2 learning is inevitable, especially for late bilinguals. 
It is widely believed that “the mechanisms and processes used in learning the L1 
sound system, including category formation, remain intact over the life span, and can 
be applied to L2 learning” (Flege, 1995a, pp. 239). Despite these difficulties in L2 
phonetic learning, research has shown that adult L2 learners’ perceptual patterns can 
be modified through immersion in the ambient language environment or through 
intensive laboratory training (Bradlow et al., 1997; Lively, Logan, & Pisoni, 1993; 
Logan et al., 1991, 1993; Logan & Pruitt, 1995). A method to assist L2 learners to 
improve the perception and production of non-native sound contrasts is to provide 
them with perceptual and/or production training. In this chapter, a number of training 
studies on non-native speakers’ perception and production of non-native contrasts will 37 
 
be reviewed. The findings of these studies will be discussed in terms of the analogies 
between L2 acquisition processes at the segmental and suprasegmental levels. A 
general overview of training methodologies and assessment commonly used in 
laboratory training studies will be provided in the following sections.   
2.4.1 Methodologies and Assessment of Training 
Previous studies have agreed that training should be designed to ensure the 
formation of a robust phonetic category. Some training studies have developed and 
advanced different methodologies to accomplish this goal. The use of appropriate 
methodologies is essential when perceptual training or production training is designed 
to modify the perception or the production of non-native contrasts. The choice of 
appropriate methodologies to meet the goal of the training can be complicated by 
interactions among the task types, stimulus variables and subject characteristics in an 
attempt to assess the effect of the training. 
2.4.1.1 Discrimination vs. Identification Tasks   
In training studies, a fundamental distinction is made between discrimination and 
identification tasks. One basic form of the discrimination tasks is the AX 
(same/different) paradigm. In the AX or the same/different paradigm, the task 
involves the presentation of two tokens, one after the other in a single trial, and the 
listener has to decide whether the two tokens are the same or different. Some studies 38 
 
tested the use of discrimination training tasks (e.g., listeners distinguish two stimuli 
such as “right” and “light” and tell whether the first sounds are the same or different). 
In an identification task, the target sounds are presented one by one in a forced-choice 
paradigm. Listeners identify a stimulus presented to them and label it among the 
choices they are given. Immediate feedback is provided after the listeners label each 
stimulus. For example, some studies used forced choice identification tasks such as 
requiring listeners to choose between /l/ and /r/ when hearing a single stimulus such as 
“right.” 
It has been suggested that identification tasks are more effective than 
discrimination tasks in “promoting generalization to novel stimuli not presented 
during training” (Logan & Pruitt, 1995, pp. 359). Further, identification tasks are also 
more useful in assisting trainees to “improve categorization of non-native speech 
contrasts” (Jamieson & Morosan, 1986, pp. 207), since the tasks force the trainees to 
establish novel phonetic categories (Jamieson & Morosan, 1986). Two common 
identification procedures in an identification task are the fading technique and the 
high variability paradigm. Identification tasks, especially with stimulus and speaker 
variability, are believed to promote listeners to create a robust phonetic category, since 
the ultimate goal of training is to facilitate the development of a new phonemic 
category that is usable among a variety of sources of variability (Logan & Pruitt, 39 
 
1995).  
2.4.1.1.1 The Fading Technique 
The fading technique was introduced by Terrace (1963). It provides subjects with 
clearly discriminable stimuli at the beginning of the training, and then increases the 
difficulty at the end of the training. Jamieson and Morosan (1986) invented an 
identification task using the fading technique in which listeners begin by identifying 
the most extreme tokens at the ends of a synthetic continuum. They then progress 
gradually along the continuum to the less extreme tokens. The fading technique is 
designed to train listeners not only on the prototypical stimuli, but also on a variety of 
exemplars within the category in an attempt to extend generalization from synthetic to 
natural stimuli. Jamieson and Morosan (1986, pp.205, 207) believed that the fading 
technique helped listeners to focus their attention on the “critically relevant acoustic 
cues for given contrastive segments, and reduce the sensitivity to other acoustic cues”. 
Some studies evaluated a fading technique in which the key phonetic/acoustic features 
that distinguish the target contrasts such as the English /Ө/-/ð/ contrast (Jamieson & 
Morosan, 1986, 1989) and English tense and lax vowel pairs /i/-/ɪ/, /u/-/ʊ/, and /ɛ/-/ӕ/ 
(Wang, 2002) were expanded and contracted along a synthetic continuum to direct 
learners’ attention to the most relevant acoustic cues of the target phonetic contrasts 
for  category  formation.   40 
 
2.4.1.1.2 The High Variability Paradigm 
        The high variability paradigm is often used to train Japanese speakers to identify 
the English /r/-/l/ contrast (Bradlow et al., 1997; Logan et al., 1991; Lively et al., 
1993). It emphasizes variability in training stimuli in which naturally produced stimuli 
with minimal pairs contrasting the target sounds were identified in various phonetic 
contexts and spoken by various talkers. While Strange and Dittmann (1984) reported 
no significant effect of discrimination training using synthetic stimuli in only one 
phonetic environment, Logan et al. (1991) demonstrated that a high-variability 
training paradigm encouraged long-term modification of listeners’ phonetic 
perception. There are also several crucial areas related to perceptual learning using the 
high variability paradigm. First, it helps trainees to form robust categories, and to 
transfer the knowledge gained from the training to novel stimuli in the future. Second, 
natural stimuli can be used during training, because natural stimuli contain complete 
information about acoustic cues for the nonnative sounds or phones that trainees are 
expected to learn (Logan et al., 1991). 
2.4.1.2 Stimuli 
     Synthetic and naturally produced stimuli are both commonly used in training 
studies. One clear advantage of synthetic stimuli is that they allow for the 
manipulation of key acoustic differences in order to control the phonetic properties. 41 
 
For example, it is possible using synthesized stimuli to exaggerate or shrink the 
differences along a continuum. Given that synthetic stimuli do not present the full 
range of acoustic properties that specify phonetic categories compared to natural 
speech, subjects retained with synthetic speech may be exposed to misleading or 
incomplete information about the cues for the phonetic categories they are expected to 
learn (Logan et al., 1991). This is a vital concern when we attempt to enable learners 
to perceive the target contrasts in real speech. Success in perceptual learning largely 
lies in stimulus generalization to novel tokens. The use of multiple talkers was a 
further attempt to form robust phonetic categories by increasing stimulus variability 
during learning. However, the choice between the synthetic and natural stimuli really 
depends on the nature of the training tasks. For instance, the fading technique would 
require the use of synthesized stimuli in order to manipulate key phonetic properties. 
On the other hand, for high variability training, multiple talkers’ natural tokens make 
it possible to represent the required range of differences. Some studies evaluated the 
impact of training using synthesized stimuli (Strange & Dittmann, 1984; Wang & 
Munro, 1999), and tested whether learning with synthesized tokens transferred to 
natural speech (Jamieson & Morosan, 1986, 1989; Rochet, 1995). Other studies used 
naturally produced stimuli by multiple speakers, the High Variability Paradigm 
(Logan  et al., 1991, 1993), and a combination of synthesized and natural stimuli 42 
 
(Wang, 2002; Wang & Munro, 2004). 
2.4.1.3 Duration of Training 
    Regarding the duration of L2 speech training, it can be either short term or long 
term depending on the type of contrasts and goal of training. Training that does not 
extend beyond one session on one day is generally considered short term (Logan & 
Pruitt, 1995). Some studies trained listeners to successfully perceive L2 sound 
segments within a relatively short period of time. For example, the training phases in 
Francis & Nusbaum (2002) and Jamieson & Morosan (1986) were about 80-90 
minutes. The duration for the training phase(s) in Pisoni et al. (1982), Jamieson & 
Morosan (1989), and So (2003) was less than 60 minutes, and the one used in Flege & 
Wang (1989) and in Werker & Tees (1984b) was just a single block of stimuli that 
lasted for a few minutes. 
Long-term training refers to training that occurs over several days or weeks. 
There is no fixed standard for the number of sessions or hours of training for a 
long-term training design. The duration of most long-term training studies lasted 2-4 
weeks, varying from as little as 6 sessions (Rochet, 1995) to 45 sessions (Yamada, 
1993). Studies using longer training phases can be expected to include a larger 
amount of training materials (e.g., Logan et al., 1991) and to include generalization 
and retention tests (e.g., Wang et al., 1999).   43 
 
Moreover, in order to control the training duration and to determine when to 
terminate the training phase, some perceptual training studies employ a predetermined 
criterion to evaluate the trainee’s performance during the training phase. For example, 
both Pisoni et al., (1982) and Leather (1990) set the passing criterion at 80%-85% of 
correct identification scores. Given the fact that the trainees’ learning processes were 
not uniform, factors like subjects’ pace of progress, each one’s schedule, their level of 
interest and motivation, and the resources to maintain the subjects have all played a 
part in determining the actual length of training. 
2.4.1.4 Assessment 
In order to assess the subjects’ improvements as a function of training, almost all 
training programs included a pretest before training and a post-test. Listeners’ 
performance in the pretest and the post-test was compared, in terms of percentage 
increase in accuracy or reduced response time, to determine to what extent non-native 
contrast identification could be improved due to training. Moreover, the inclusion of 
generalization and retention tests can provide a better assessment of the effectiveness 
of the training. It is common to include generalization tests to examine if any 
improvement gained in training could be transferred to new talkers, new stimuli, new 
phonetic environments, and new syllabic positions in which the target sounds occur. 
Sometimes the retention tests are administrated three and/or six months after the 44 
 
training program to determine the long-term training effects. In some recent studies, 
test of generalization have included an assessment of the production improvement in 
the post-test following perceptual training. In these cases, the subjects provided 
spoken samples both before and after the perceptual training. Any production 
improvement in the post-test on the target sounds indicates an effect of perceptual 
learning, suggesting that perceptual learning generalized to the production domain as 
a consequence of training (Rochet, 1995; Bradlow et al., 1997; Wang, 2002; Wang et 
al., 2003a; Wang, 2008).   
2.4.2 The Role of Feedback in Training   
    In perceptual training studies, feedback plays an important part in accelerating 
the learning process, especially when the training time in the laboratory is limited 
(Logan & Pruitt, 1995). Giving feedback in perceptual training studies can indicate 
participants whether their responses are correct or not. If the response is correct, they 
will continue to respond in the same way as before. On the other hand, if it is 
incorrect, they will know they need to re-adjust their response selection. The 
following will discuss the influence of types of feedback on the perception and 
production of L2 segmental and suprasegmental contrasts and will probe some 
concerns about using different types of feedback in training.     
There are various modes to present feedback to subjects during training. The 45 
 
feedback type employed in previous perceptual training studies (e.g., Leather, 1990) 
simply indicated if the subject’s response was correct or incorrect (hereafter called 
Simple feedback). Some studies provided not only Simple feedback, but also played 
back the stimulus sound when an incorrect response was made (e.g., Lively et al., 
1991; Wang et al., 1999). Besides Simple feedback, other training modes that have 
been widely used in many previous studies are Auditory-only (A-only) feedback, 
Visual-only (V-only) feedback and Audio-Visual (AV) feedback to assist the learning 
of sound segments, suprasegmentals, intonation, and other aspects of pronunciation. 
Auditory-only feedback provides trainees with a single channel input by playing an 
audio sound file (e.g., Hardison, 2003; Leather, 1990, 1997). Visual feedback alone 
provides trainees with a single channel input in the form of laryngographs, 
spectrograms, pitch contours, waveforms, intensity graphs, or video clips showing the 
face of a talker (e.g., Hardison, 2003; Leather, 1990, 1997). A combination of auditory 
and visual feedback (AV feedback) provides trainees with dual channel inputs 
(playing an audio sound file and showing the visual component on the same display 
screen) to augment A-only or V-only input for learning L2 segmental and 
suprasegmental contrasts (e.g., Anderson-Hsieh, 1992; de Bot, 1983; Hardison, 2003, 
2004; Molholt, 1988; Murakawa & Lambacher, 1996; Ortega-Llebaria, Faulkner, & 
Hazan, 2001). In general, the most obvious advantage of AV training is that it 46 
 
provides an additional channel of input to help raise learners’ awareness of the 
phonological/phonetic/ acoustic characteristics (e.g., vowel duration) of the 
non-native target segments or suprasegmentals. The additional visual information 
(e.g., graphic representations or animation) is useful in illustrating linguistic 
phenomena such as tone and pitch, and establishing abstract spatial dimensions during 
learning (Lim, 2001; Mayer et al., 1996; Rugelj, 2005) in order to help learners 
understand abstract concepts, and to facilitate recall and retention (Rugelj, 2005).   
Some studies to date have evaluated the relative effectiveness of Auditory-only, 
Visual-only, and Auditory-Visual training modes on the acquisition of novel L2 
contrasts. Previous studies have shown that training approaches using more channels 
of input (e.g., AV feedback) can facilitate the L2 learning better than the one using 
single channel of input (A-only and/or V-only) (see de Bot, 1983; Hardison, 2003). 
Hardison (2003) examined the effects of AV versus A-only, and V-only training of the 
American English /l/–/r/ contrast with Japanese and Korean learners of English.  
Results indicated that AV feedback (showing a talker’s face together with the sound 
files) was more effective than purely auditory feedback in improving the 
identification of the contrast for both learner populations. She also found that learners 
were able not only to transfer the gained knowledge to perceive novel stimuli and 
speakers, but also to produce the target segments successfully.   47 
 
In order to assess the effect of auditory training and visual training, the split of 
auditory and visual feedback in some laboratory based studies on L2 speech learning 
is theoretically rather than pedagogically motivated. For example, Leather’s studies 
(1990, 1997) have assessed the effect of Auditory-only and Visual-only feedback in 
learning Mandarin tones with the speech sound removed for those who took the 
production training only. Therefore, the trainees had only visual input of pitch 
contours on a computer screen without hearing the actual speech. Though both 
training procedures resulted in improvement in performance in perception and 
production of Mandarin tones by native Dutch speakers, the removal of the actual 
sound input for learning Mandarin tones may not be practical for L2 teaching 
involving normal hearing learners. 
Hazan et al. (2005) compared auditory (A) and audiovisual (AV) training of the 
/l/-/r/ and /v/-/b/-/p/ English phonemic contrasts in Japanese learners of English. The 
results showed that learners’ sensitivity to visual cues for non-native phonetic 
contrasts was enhanced via AV perceptual training and that AV training was more 
effective than auditory training when the visual cues to the phonemic contrast were 
sufficiently salient. Seeing the facial gestures of the speaker also led to a greater 
improvement in the pronunciation of the contrasts by the L2 learners, even for 
contrasts with relatively low visual salience. 48 
 
One type of computerized AV training for accent reduction that has received a 
great deal of attention is electronic visual feedback (EVF) (e.g., Molholt, 1990; 
Anderson-Hsieh, 1992; and Lambacher, 1999, 2001). The EVF instruction is based on 
a learner’s imitation of model patterns with an EVF displaying acoustic characteristics 
of the model and its imitation (e.g., waveforms, pitch contours, intensity graphs, 
intonation, duration, frequency range and spectrograms) in a dual display with top and 
bottom screens. Lambacher (2001) trained Japanese learners of English to improve 
their pronunciation of English vowels by using the EVF. With this kind of EVF, 
learners could visualize the differences between the sound features on their monitors 
as produced by their teacher, or from files stored in a database, with which they can 
compare their own productions. In addition, as a function of a dual display with top 
and bottom screens, the EVF program helps learners objectively evaluate their 
pronunciation errors and monitor their own progress through analyzing and visually 
comparing their own pronunciation with a model pattern. 
In fact, the degree of ‘visual influence’ in AV perceptual training was shown to 
depend on the language background of the learner and on the visual salience of the 
phonetic contrast (Hazan et al., 2006). AV training was more effective than A-only 
training when the visual cues to the phonemic contrast were sufficiently salient. For 
example, sensitivity to visual cues (e.g., tongue movement, lip rounding) for 49 
 
non-native phonetic contrasts (e.g., English /l/-/r/ contrasts) was enhanced via AV 
perceptual training (Hazan et al., 2005). On the other hand, the visual distinction 
showing lips and facial movements is not a sufficient cue for lexical tones for listeners 
of tone languages (including Japanese, Cantonese, and Thai). Instead, they depend 
more on an audio sound file with a visual display showing the pitch contour (e.g., 
Bluhme & Burr, 1971-1972; So, 2003; Sanders, Beckman, & Feng, 2005; Wang, 
2008). For the learning of lexical tones, the AV training from the previous studies 
typically provided both an audio sound file and a visual display showing the pitch 
contour. Learners observed the real-time information of the model patterns, and 
compared them with their own productions, irrespective of their actual pitch values. 
For example, Bluhme & Burr (1971-1972) employed AV feedback that consisted of 
the audio sound file with the pitch contour simultaneously to beginner English 
students learning Mandarin tones. These students were encouraged to produce and 
then to compare their own productions to those model’s productions on the monitor. 
The authors found that this kind of training helped students to produce the tones more 
accurately. So (2003) demonstrated that Mandarin tones could be trained successfully 
in a training approach that employed novel AV feedback. The components of the AV 
feedback included a combination of sound files, animated pitch graphs, and a brief 
message that, in addition to indicating whether the response was correct or not, 50 
 
directed listeners’ attention to the crucial perceptual cues of tones. The combination of 
these components provided tri-channel input to assist learners in distinguishing the 
lexical tones in each pair, by directly drawing their attention to the crucial acoustic 
information of the tones. During the training period, learners observed tone contours 
and spatial relationship and durational differences of the tones while listening to the 
audio files. 
Previous findings also suggest that speakers of tone languages would show a 
lower degree of visual influence, since auditory cues are more informative for tone 
perception than visual cues. For example, Sanders, Beckman, & Feng (2005) 
observed some limitations in the use of AV feedback (audio sound files and a pitch 
tracker) to assist their Japanese learners to learn Mandarin tones. They found that 
Japanese learners had difficulty in judging the accuracy of their tonal productions. For 
instance, Japanese learners produced both Tone 2 (mid-rising) and Tone 3 
(falling-rising) with a similar dipping contour. In addition, the authors reported that 
Japanese learners frequently produced tones that did not resemble any one of the four 
Mandarin tones.   
Wang (2008) adopted two training paradigms for learning Mandarin tones in 
pedagogical context. The perceptual training paradigm uses Audio-only feedback, 
while the perceptual with production training paradigm uses AV feedback (audio 51 
 
sound files with electronic visual feedback displaying pitch contours on the top and 
bottom screens) to enhance auditory input for learning Mandarin tones. Though both 
the training modes resulted in improvement of the perception and production of 
Mandarin tones by non-native learners, the data in Wang’s study suggest that 
Audio-only feedback is sufficient for improvement in both perception and production 
of Mandarin tones. Similar to the findings in Sanders’ et al. study (2005), the form of 
AV feedback in Wang (2008) does not guarantee a facilitative effect on the learning of 
Mandarin tones. The author argued that although the perceptual with production 
training mode has the AV feedback that allows for production practice, the 
Auditory-only training mode appears to have the advantage of shorter inter stimuli 
intervals (ISI) which allows for playing back much more training stimuli within the 
same amount of training time. The study in Hazan et al. (2007) also suggests that AV 
training might not have been maximally effective for some learners, because of the 
greater cognitive load involved in attending to both the auditory and visual channels.   
Besides A-only, V-only, and AV feedback, another alternative that has been rarely 
used in previous studies is Lexical Information feedback. Currently, not enough data 
has been collected to make any general claims about the effects of lexical tone 
knowledge on tone perception and production. For example, Peabody et al. (2004) 
examined the effect of feedback on lexical information. The lexical information 52 
 
feedback was presented to the learners when the typed tone mistakes occurred at the 
sentential level. The authors found that English-speaking first-year learners of 
Chinese who received lexical information feedback (giving feedback on lexical tone 
mistakes) during a two-phase drill exercise showed improvement in their production 
of Mandarin tones. 
Taken together, it seems that studies of lexical tone training should employ AV 
feedback that presents sound signals and pitch contours rather than video clips 
showing facial information. In fact, the findings of Wang (2008) indicated that the 
Auditory-only feedback outperformed the Auditory-Visual feedback on trainees’ 
performance for the perception and production accuracy of Mandarin tones. Auditory 
cues seem to be more informative for tone perception and production than visual and 
audiovisual cues in Mandarin tone learning. In actual teaching settings, the split of 
auditory and visual feedback on L2 speech learning may not be practical for L2 
teaching involving normal hearing learners. With an attempt to address the disparity 
between research and practice on L2 speech learning in this current thesis, both the 
Auditory-only feedback and the AV feedback (audio sound files with visual feedback 
displaying pitch contours) rather than Visual-only feedback may assist L2 learning in 
the perceptual and production accuracy of Mandarin lexical tones. 
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As mentioned earlier, Mandarin is the target language in this study, and English 
is the main native language of the L2 learners of Mandarin. The following sections 
(Sections 2.5.1 and 2.5.2) will describe the individual prosodic system of the 
languages involved in the present study. Then, L2 production and perception of 
Mandarin tones will be discussed (Sections 2.5.3).     
2.5.1  Mandarin   
     Mandarin is a typical “lexical tone language” (Yip, 2002, pp. 2) that contrasts 
four lexical tones in its system: Tone 1 (high-level pitch), Tone 2 (high-rising pitch), 
Tone 3 (low-dipping pitch), and Tone 4 (high-falling pitch). The same segmental 
context carries different meanings depending on the tone. For example, the meaning of 
Mandarin Chinese ma with Tone 1 is ‘mother’, the Tone 2 version means ‘hemp’, and the 
Tones 3 and 4 meanings are ‘horse’ and ‘scold’, respectively. In Chinese phonology (e.g., 
Bauer & Benedict, 1997; Duanmu, 2004; Hashimoto, 1972; Yip, 2002), tone contours 
are typically described in terms of Chao’s (1930) tone letters (i.e., digits) --  the 
system provides “simplified time-pitch graphs of the voice” (1930, pp.24). The tones 
can also be described with reference to a five-point pitch height scale (5 = high, 3 = 
mid, and 1 = low) in which the two pitch height numbers for each tone indicate the 
values at the beginning and end of the syllable. In this system, Tone 1 is 55, Tone 2 is 
35, Tone 3 is 21(4) and Tone 4 is 51.   54 
 
The prosodic features of Mandarin tones are manifested physically by different 
fundamental frequency (F0) values with F0 height and F0 contour as the primary 
acoustic parameters (Gandour, 1984; Massaro, et al., 1985;  Moore and Jongman, 
1997). Perception tests have demonstrated the two dimensions of F0 height and 
contour as fundamental perceptual cues of Mandarin tones, of which native listeners 
seem to attach more importance to the ‘‘contour’’ than ‘‘height’’ dimensions 
(Gandour, 1984; Massaro et al., 1985). In addition, amplitude and temporal properties 
such as overall duration and turning point are also effective phonetic correlates of the 
tones (Lin, 1965; Chuang, Hiki, Sone, and Nimura, 1971; Moore and Jongman, 1997). 
The F0 turning point (i.e., the point at which the direction of the F0 contour changes 
from falling to rising,) has been identified to be a salient perceptual cue for 
distinguishing between Tone 2 and Tone 3 (Shen and Lin, 1991 ; Moore and Jongman, 
1997), and Tone 3 from Tone 4 (Gårding et al., 1986). However, durational and 
amplitude cues may not be crucial to the perception of Mandarin tones (Gandour, 
1994).  
Studies in the perceptual domain have shown that the various acoustic cues are 
functionally integrated when Mandarin speakers identify the tones (Gandour, 1984; 
Massaro, Cohen, and Tseng, 1985; Gårding et al., 1986; Blicher, Diehl, and Cohen, 
1990; Shen and Lin, 1991; Moore and Jongman, 1997). For example, the intrinsic 55 
 
duration differs for the four tones, the longest being Tone 3, and the shortest being 
Tone 4 (Lin, 1965). Tone 2 is generally shorter than Tone 3, but longer than Tone 1. 
However, Tseng (1990) found that duration was not crucial to the production of 
Mandarin tones. Consistent with Tseng’s findings, Moore & Jongman (1997) reported 
that durational cue alone was not sufficient for distinguishing Tone 2 and Tone 3 in 
Mandarin. It became an important cue when combined with another cue (change in 
the F0 direction) from onset of the tones. Whalen and Xu (1992) also indicated that 
the amplitude cue plays a role in tonal identification, but this cue alone is not 
sufficient to distinguish all the four Mandarin tones. Listeners in her study were not 
affected by this phonological influence. Moreover, native Mandarin listeners have 
been found to refer to extrinsic F0 (corresponding to speaker identity) as a frame of 
reference for tone perception; that is, they perceive tones by normalizing for speaker   
F0 range (Moore and Jongman, 1997). 
2.5.2 Taiwan Mandarin 
The aim of this thesis is to look into tonal performance of non-tonal learners 
learning Mandarin lexical tones in Taiwan. Taiwan Mandarin, or Guoyu, is the official 
language of Taiwan and is genetically related to Beijing Mandarin, or Putonghua, the 
official language of Mainland China. However, being separated from almost sixty 
years, the tones of these two dialects are auditorily discriminative. Acoustic studies in 56 
 
tones of Beijing (Ho, 1976; Howie, 1976; Shen, 1990a; Tseng, 1990) and Taiwan 
Mandarin (Shih, 1988; Fon and Chiang, 1999; Fon, Chiang, and Cheung, 2004) have 
also implicated such a discrepancy, although research concerning the latter is still of 
minority. Fon et al. (1999) reports an initial attempt to investigate Chao’s tonal 
representation (1956, 1968) and its quantification using acoustic data of Taiwan 
Mandarin. The resulting tonal values in Fon et al. (1999) are different from the 
prescriptive ones based on Beijing Mandarin － 55, 35, 214, and 51. Instead, the 
four tones in Taiwan Mandarin are 44, 323, 312, and 42. Different from the prescribed 
system, Taiwan Mandarin demonstrates a narrower four-way distinction, lower tonal 
heights, and more conservative tonal contours. The relationship of the five tones   
 
 
Figure 2-1. Average of the five tones (Taiwan Mandarin) in non-isolated forms in 
three positions, i.e., initial, medial, final positions (from left to right). The dotted line 
is  the  Sandhi  Tone.    57 
 
(Tones 1, 2, 3, and 4, and Sandhi Tone) of Taiwan Mandarin in non-isolated forms in 
three positions, i.e., initial, medial, final positions is shown in Figure 2-1 was 
extracted from Fon et al. (1999). As shown in Figure 2-1, slight modulations do occur 
in Tones 1 and 4 across positions (word-initial, medial, and final). Tone 1 is changed 
from 44 to 33 in the word-final position, which is probably due to the final lowering 
effect. Tone 4 is changed from 42 to 43 in the word-initial position. This is probably 
due to ease of articulation. Overall, the tonal space is relatively enlarged in 
word-initial positions and compacted toward word-final positions.   
2.5.3 English 
English is a non-tone language because it does not have a lexical tone system. 
The F0 contour is nonexistent in English listeners’ linguistic behavior as well. 
Beckman (1986) identified English as a “stress-accent language”. English accents 
involve a combination of a number of phonetic features -- pitch, duration, intensity 
and others (e.g., vowel quality). In English, stressed syllables “recur at regular 
intervals of time, regardless of the number of intervening unstressed syllables” 
(Crystal, 1997, pp. 365; also Fox, 2000). Regarding to the pitch in English intonation 
patterns, Pieerehumbert and Hirschberg (1990) identify four important features: stress, 
tune, phrasing, and pitch range. Tune is perhaps the most relevant of these dimensions 
when comparing the English pitch patterns to Mandarin. The tune is “the abstract 58 
 
source of fundamental frequency patterns” (pp. 272) and is made up of pitch accent(s), 
phrase accent(s) and the boundary tone. The different pitch accents mark the 
prominence of lexical items (Beckman and Pierrehumbert, 1986). The way pitch is 
used in English differs from Mandarin in several ways. First, in English pitch is used 
systematically at the phrasal level rather than at the syllable level. Second, English 
pitch patterns do not express lexical meaning as in Mandarin but rather pragmatic 
meaning. Furthermore, there is some evidence that Mandarin is characterized by a 
greater fundamental frequency range than English (Chen, 1972; Chen, 2005). 
The use of pitch at the word level is very restricted in English. Even for lexical 
stress, for example, pitch is just one of the acoustic components (other than loudness 
and duration) to indicate stress in English homophonous pairs, such as SUBject (noun) 
and subJECT (verb) (Fear, Cutler, & Butterfield, 1995; Pennington & Ellis, 2004). 
However, these words are typically produced with vowel quality differences 
(Beckman, 1986; Cutler & Otake, 1999; Fox, 2000). In fact, English uses prosody 
(pitch) primarily at the sentential or phrasal level (i.e., intonation). English declarative 
sentences are typically produced with a falling pitch pattern, while questions are 
mostly uttered with a rising pitch pattern. However, the same sequence of words 
could be used with a rising or a falling pattern and convey different meanings 
depending on the context. For example, the sentence “Legumes are a good source of 59 
 
vitamins” can either be interpreted as a statement if there is a falling tune on vitamins 
or can be interpreted as a question if there is a rising tune on vitamins (Pierrehumbert, 
1980).  
2.6 Perception and Production of Mandarin Tone Categories by Native English 
Listeners 
Generally, interference from English phonological structure is considered as a 
hindrance to accurate tonal perception and production. A non-language-specific factor 
that has been proposed to account for patterns of perceptual confusion is the 
psychoacoustic similarity of pairs of tones (Chen, 1997; Halle et al., 2004; Moore and 
Jongman, 1997). Generally, the high-rising (Tone 2) and falling rising (Tone 3) tones 
and high-level (Tone 1) and high-falling (Tone 4) tones have been found to be the 
most confusable for English listeners (Blicher, Diehl, and Cohen, 1990; Gottfried and 
Suiter, 1997; Leather, 1990; Shen and Lin, 1991; Whalen and Xu, 1992). The 
following factors have been proposed as contributing to the ease or difficulty in 
perceiving and producing certain tones: stress patterns (White, 1981; Shen, 1989), 
unnaturalness or novelty (Wang et al., 1999), and pragmatic meaning (Chen, 1997; 
White, 1981). A number of cross-linguistic studies have been conducted to examine if 
and how non-tonal speakers perceive and produce the tones differently.   
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Tonal perception by non-native listeners was substantially different from native 
Mandarin speakers. Gandour (1983, 1984) found that English listeners attached more 
importance to the pitch height, and less to the contour dimension of F0 than did 
listeners of most tonal languages. Gandour claimed that since English has no 
contrastive tones, contour or otherwise, English listeners directed their attention 
almost exclusively to the F0 height of the stimuli. Lee, Vakoch, & Wurm (1996) 
found that tone language speakers (Mandarin and Cantonese) were better at 
discriminating tones, in terms of speed and accuracy of their responses, than were 
non-tonal language speakers (English). The results imply that L1 tonal experience 
exerts a facilitative effect on non-native listeners’ tonal perceptions. Huang (2001, 
2004) demonstrated that native Chinese listeners’ perceptions of the Tone 2 (35) and 
Tone 3 (214) were affected by Mandarin tone sandhi rule: Tone 3 becomes Tone 2 
(sandhi Tone 2) when followed by another Tone 3 (Chao, 1968). T35 and T214 were 
perceived as being the most similar/confusable by the Chinese listeners in her 
experiment. However, American English listeners, with no lexical tones in their native 
language system, tended to rely more on acoustic cues, especially the pitch height of 
the onset and offset of a tonal contour, to discriminate tones in a stimulus pair, while 
the Chinese listeners might have paid more attention to the contours as a whole. She 
concluded that the Chinese listeners may have processed the tone stimuli at a higher 61 
 
cognitive level. 
The perception of Mandarin tones has also been investigated in terms of the 
identification of the tonal categories. It was found that nonnative listeners’ tone 
perception tended to be less “categorical” as compared to that of native listeners. 
Stagray and Downs (1993) found that Mandarin listeners had poorer differential 
sensitivity than English listeners because the Mandarin listeners had learned to 
categorize sounds of similar frequency together to facilitate their perception of tone 
phonemes. Their results suggested that listeners can differentially tune their auditory 
systems to certain physical properties of a sound as a function of their linguistic 
experience. 
Mandarin tone perception has also been examined as a function of linguistic 
context and sentence position. Chen (1997) found that the position in which a tone 
was perceived or produced affected accuracy. Broselow, Hurtig, and Ringen (1987) 
examined American listeners’ perception of Mandarin tones when the tones were 
presented in isolation as well as in the context of two and three syllables. In this study, 
the authors found that Tone 4 was the most easily identified tone when presented in 
isolation, and in the final position of disyllables and trisyllables. However, when Tone 
4 occurs in non-final position, it becomes unfamiliar to English listeners. The findings 
indicated that English listeners interpret the falling pitch of Mandarin Tone 4 as a 62 
 
tonic syllable, reflecting the interference from English intonational pitch patterns to 
Mandarin lexical tones. The authors (Broselow et al., 1987) argued that Mandarin 
Tone 4 is acoustically similar to the unmarked pattern for declaratives at the end of an 
utterance in English since both involve a falling pitch. It is suggested that Tone 4 is 
easy to perceive when it occurs sentence-finally, since it corresponds to a familiar 
pattern in English. On the other hand, when Tone 4 occurs in non-final position, it 
becomes unfamiliar to English listeners, as this is not a normal F0 pattern in English. 
English speakers, therefore, tend to perceive and produce monosyllabic words in 
isolation and the final syllables of declarative utterances as falling tones. Upon closer 
inspection, the authors (Broselow et al., 1987) found that Tone 4 was primarily 
misidentified as Tone 1, especially in utterance-final position. In English, high pitch is 
associated with a focused element in an utterance. Since the pitch contours for Tone 1 
and Tone 4 start at a high level pitch, English listeners are more used to paying 
attention to the high portion of the contour, as they do in a typical English declarative 
contour. English speakers apparently consider the fall at the end of the string as part 
of a typical sentence contour and therefore disregard it, rather than associate it with 
any particular syllable. These results suggest that English listeners’ perception of 
Mandarin tones is influenced by their native intonation system. This is consistent with 
the findings of other studies showing the influence of English stress on the perception 63 
 
of Mandarin tone. For example, White (1981) claimed that English listeners will 
perceive the Mandarin high tones as stressed and the low Tone 3 as unstressed, despite 
the fact that in Mandarin, the stress on a syllable is mainly realized by duration and 
amplitude rather than F0 height. Shen (1989) observed that Tones 1 and 4 are more 
difficult to acquire. She argued that learners’ difficulty with level and falling tones as a 
result of interference from “the articulatory habits of English prosody,” notably, stress 
(pp. 38-39). These two tones are more likely to be receptive to L1 interference since 
they are prosodically less marked than Tones 2 and 3. It should be noted that, although 
Tones 2 and 3 have been observed to be easier to learn than Tones 1 and 4, this tone pair 
is still the most confusing pair for English learners of Mandarin (Kiriloff, 1969). 
2.6.2 L2 Production of Mandarin Tones 
One of the general measures related to tone production is pitch range. One source 
of error in L2 production of tone has been attributed to learners failing to widen their 
pitch ranges in speaking Mandarin. Chen (1974) investigated the pitch ranges of four 
American students who had completed Mandarin classes through the second-year level. 
Chen compared the pitch range between English and Chinese speakers, who were 
tested on stimuli involving words and sentences in both English and Chinese. The 
results show that the average pitch range of the native Chinese speakers speaking 
Chinese was 1.5 times wider than that of the English speakers when they spoke English. 64 
 
When the English speakers switched from English to Chinese, their pitch range 
increased substantially, although not to the extent of the Chinese speakers. Chen 
concluded that native English speakers need to widen their pitch ranges by at least 1.5 
times if they want to sound more Chinese.   
A few scholars take issue with the characterization that the second and third tones 
are the hardest for learners to acquire. Shen (1989) analyzed the tonal errors made by 
American learners who had studied Chinese for four months. Shen concluded that level 
and falling tones are more difficult to acquire than rising, dipping, or neutral tone. The 
errors Shen derives are classified as either tonal register errors (too high or too low) or 
tonal contour errors. According to her method of error analysis, the subjects’ level and 
falling tone contours are right but their registers are off. Presumably, when native 
speakers hear learners utter a level tone in a low pitch register, they will not recognize it 
as a level tone. Shen argued that Tone 4 was more likely to be subject to L1 interference, 
since it is prosodically less marked for English speakers. 
Miracle (1989) also analyzed the register and contour errors of second-year 
American learners of Chinese. However, his findings did not confirm Shen’s. Rather he 
found his subjects had particular difficulty with rising tone as other researchers have. 
Moreover, Miracle found that contour errors were just as plentiful as register errors. In 
terms of the characteristics of the errors, the register errors for Tone 1 were 65 
 
characterized by realizing the high level tone too low in the tone space. The contour 
errors were characterized primarily by the Tone 1 level contour being replaced by a 
falling contour. For Tone 2, the register errors consisted primarily of beginning the tone 
too high in the tonal space. The contour errors came from substituting either a falling or 
level contour for the desired rising contour. For Tone 3, the register errors consisted 
exclusively of realizing the third tone too high in the tonal space. The contour errors 
consisted of realizing the third tone as a rising contour. For Tone 4, the register errors 
were entirely the result of placing Tone 4 in the mid-low register of the tonal space. The 
contour errors were primarily due to substituting a level contour for the expected falling 
contour. Miracle also found the interaction between tone and position in the production 
domain. He found the tonal error rate to be significantly higher in word initial syllables 
than final syllables in disyllabic test words. The overall error rate was 42.9%, while the 
error rate in word final position was significantly lower, 32%. 
Wang  et al. (2003a) also analyzed the tonal errors of native speakers of 
American who had taken one or two semesters of Mandarin Chinese. Acoustic 
analyses showed that post-training tone contours approximated native norms to a 
greater degree than pre-training tone contours. Interestingly, Wang et al. found that 
pitch height and pitch contour were not mastered in parallel, with the former being 
more resistant to improvement than the latter. The authors further revealed that after 66 
 
training, although Tone 3 became relatively easy to perceive, it remained difficult to 
produce. Wang et al. explained that the difficulty in the production of Tone 3 might 
not be due to a failure in perceptual learning, but rather to the novelty of the sound 
itself. It might be that the low-dipping nature of the Tone 3 pitch contour is so 
unfamiliar to the American learners that it makes articulation difficult.   
2.7 Training Studies 
2.7.1 Perceptual Training 
Empirical research has revealed that, with sufficient experience and exposure, 
adult L2 learners can authentically perceive or produce novel L2 phones which are 
judged to have no L1 phonemic counterparts (Flege, 1987; Best et al., 1988). 
Therefore, researchers have attempted to train listeners to perceive non-native sounds 
in a linguistically meaningful manner, based on the assumption that the adult human 
perceptual system still has the capacity to change. The ultimate goal of perceptual 
training is to modify the adults’ perception of non-native contrasts by shifting their 
attention to phonetic information that is previously unattended. Perceptual training is 
designed to help learners create a new phonetic category that is usable in various 
phonetic contexts and can be retained in long-term memory. As a result, a learner can 
establish the L2 sound categories (Logan et al., 1991) although it is still difficult for 
them to form separate phonetic categories for those L2 sounds that are similar to L1 67 
 
counterparts but realized in a phonetically different manner (Flege, 1987; Best et al., 
1988).  
In this section, perceptual training studies addressing different cross-linguistic 
phonetic problems will be reviewed at both the segmental and suprasegmental levels. 
Recent research has found that non-native segmental contrasts can be learned through 
auditory training. These include early training studies on VOT series (e.g., Pisoni et 
al., 1982; McClaskey et al., 1983), followed by a series of experiments on voicing 
contrast of English /ϴ–ð/ with the fading technique (e.g., Jamieson and Morosan, 
1986, 1989). Most recent training studies have concentrated on training Japanese 
listeners to identify English /r/ and /l/ by means of the high variability paradigm 
(Logan, et al., 1991; Lively, et al., 1993; Lively, et al., 1994; Bradlow, et al., 1997). 
In the past two decades, several training studies on Mandarin tones have also been 
reported (Leather, 1990; Wang et al., 1999; Wang et al., 2003a; So, 2003; Wang, 
2008). More recently, computer-based perceptual training has proved to be effective 
in modifying adult speakers’ L2 speech perception and production in both segmental 
and suprasegmental aspects of spoken language (Jamieson & Morosan, 1986, 1989; 
Kinston, 2003; Rochet, 1995; Wang & Munro, 1999, 2004; Wang, 2008).   
One subsequent question is whether the perceptual training can affect production, 
so that training efforts could result in positive transfer from one modality to the other. 68 
 
The transfer of learning from perception to production has been reported in studies 
training learners to perceive non-native segmental and suprasegmental contrasts. 
(Bradlow et al., 1997, 1999; Leather, 1990; Rochet, 1995; Logan et al., 1991; Wang, 
et al., 1999; Wang, et al., 2003a; Wang, 2008). The generalization of perceptual 
learning to production will also be discussed in later sections. This review is aimed at 
enriching our knowledge of administering perceptual training so that we could 
identify the unexplored issues that motivate the current study.   
2.7.1.1 Training Segmental Contrasts 
Early attempts at modifying adult learners’ perceptions of non-native contrasts 
focused mainly on the voicing distinctions in VOT phenomena. Pisoni, Aslin, Perey, 
& Hennessy (1982) investigated whether American listeners whose L1 stops made 
use of a two-way voicing distinction could be trained to perceive a three-way (i.e., 
(pre)voiced, voiceless unaspirated, and voiceless aspirated) voice onset time (VOT) 
distinctions, since English does not phonemically distinguish voiced and voiceless 
unaspirated stops. In a series of experiments, monolingual English speakers of 
American English were exposed to synthesized /ba – pa - p
ha/ stimuli in an ABX task 
with feedback (training) and an identification task without feedback. The authors 
found that the majority of the naïve English listeners could identify an additional 
perceptual category in voicing after a short period of training. The results 69 
 
demonstrated that adults’ perceptual mechanisms could be modified easily by 
employing simple laboratory techniques over a short period of time.   
McClaskey, Pisoni, and Carrell (1983) replicated and extended the Pisoni et al. 
(1982) study by showing that listeners were able to transfer the perceptual learning of 
a third voicing category (e.g., VOT contrast for labial stops) to a new place of 
articulation (e.g., VOT contrast for alveolar stops) without additional training.   
Jamieson and Morosan carried out several studies to train Canadian French adult 
listeners to perceive the voicing contrast of English dental fricatives /ϴ/–/ð/, which 
were frequently perceived as French /t/ and /d/, respectively. In the first study of this 
series (Jamieson & Morosan, 1986), a perceptual “fading technique”
1 was used to 
present training stimuli to listeners who were instructed to identify the target sounds. 
Only synthesized stimuli were included for training, while both synthesized and 
natural tokens were included in the tests. Feedback was also given to the listeners 
when an incorrect response was made by illuminating a small white light above the 
response button. The most significant result of this study, the authors claimed, was 
that perceptual learning could successfully transfer from synthetic to natural tokens 
that were not included in the training. Therefore, the training task was successful in 
                                                 
1 The fading technique was introduced by Terrace (1963). It provides subjects with clearly 
discriminable stimuli at the beginning of the training, and then increases the difficulty at the end of the 
training. Jamieson & Morosan (1986, pp.205, 207) believed that the fading technique helped trainees to 
focus their attention on the “critically relevant acoustic cues for given contrastive segments, and reduce 
the sensitivity to other acoustic cues”. 70 
 
improving discrimination in a linguistically meaningful way.   
Jamieson & Morosan (1989) replicated and extended their 1986 study to 
determine whether learning would transfer to new voices and new phonetic contexts 
that were not included in the training. The authors also compared the effects of two 
training approaches, fading technique training vs. prototype training (i.e., using single 
good instances for each of the target categories), on Canadian French listeners’ 
identification performance. The pretest and post-test included both synthesized tokens 
and natural stimuli from multiple speakers producing /ϴ/ and /ð/ in different phonetic 
contexts. The tests also included the /ð/ and /d/ contrast. The experimental procedure 
was similar to the one in Jamieson & Morosan (1986). The success of the earlier study 
was replicated; however, learning did not generalize to different phonetic 
environments, such as word medial and word final positions for the /ϴ/ and /ð/ 
contrast. There was also no improvement evident for the identification of /ð/ and /d/. 
These findings suggest that when the target contrast appears in a different syllabic 
environment, it exhibits phonetic differences that need to be learned separately. 
Similarly, the perceptual learning of one contrast, /ϴ/ and /ð/, did not help the 
listeners with the other new contrast, /ð/ and /d/. Learning is therefore local and 
context-dependent and the treatment of the target contrast may not automatically 
transfer to the same contrast in different phonetic positions. It was found that learners 71 
 
trained with the fading technique identified the synthetic stimuli better than those 
trained with the prototype training. However, the scores for natural stimuli were 
comparable to each other. The transfer to new voices was also obtained. 
Rochet (1995) used a modified fading technique that was similar to that of 
Jamieson and Morosan (1986) to train native Mandarin speakers on French voiced 
and voiceless stops (labials, dentals, and velars) distinguished by different VOT 
values. Subject participated in six 30-minute perceptual training sessions in which 
they identified synthesized French labial stops (/pu/-/bu/) with feedback. The trainees 
improved significantly in the post-test, and their identification patterns approximated 
those of native French speakers to a great degree. The results showed that training on 
the target contrast in word initial position was not automatically transferred to word 
medial or intervocalic positions. Although learning did not transfer to intervocalic 
positions, the effect of training was extended to different vowel contexts and to two 
other places of articulation not included in the training. The perceptual learning also 
generalized to natural tokens not used in training. More importantly, results showed 
that the Mandarin trainees improved in both perception and production of the French 
stops. The improvement in perception was accompanied by better production. The 
generalization of perceptual learning to production will be discussed in later sections.   
During the last decade, Pisoni and his colleagues (Bradlow, et al., 1997; Lively, 72 
 
et al., 1993; Lively, et al., 1994; Logan, et al., 1991;) conducted numerous training 
studies in which they trained Japanese learners of English to perceive and produce 
English /r/ and /l/. Their work has used a high-variability technique emphasizing the 
variability of the training stimuli in terms of speaker differences and phonetic 
environments. In the first of the series (Logan et al., 1991), six native Japanese 
speakers were trained to identify English /r/ and /l/ in different phonetic environments. 
In the study, the stimuli for the pretest and posttest were identical. The training phase 
lasted for 3 weeks, and involved fifteen 40-minute sessions with a large number of 
words in different contexts spoken by different speakers. Feedback was given during 
training. If the Japanese listeners gave a correct response, the next trial was presented. 
If the Japanese listeners gave an incorrect response, a light indicated the correct 
answer on the response box, followed by a second presentation of the stimulus. Two 
generalization tests included novel words produced by both a novel speaker and an 
old speaker (one whose speech samples were already used during the training). 
Results showed that the training procedures were effective in assisting the Japanese 
learners to improve their perception of English /r-l/ contrasts, an L2 distinction not 
present in their L1 system. In addition, this study proved the high-variability training 
paradigm to be a success in the perception of non-native segmental contrasts.     
In subsequent studies, Lively et al. (1993, 1994) employed the same 73 
 
methodology (i.e., the high-variability training technique) used in Logan et al. (1991). 
In the study of Lively et al. (1993), separate experiments were carried out to compare 
the results of two kinds of variability, variability due to multiple speakers and 
variability due to phonetic environment, and to measure their contributions to 
perceptual learning. In terms of improvement at post-test and the generalization to 
new talkers and new tokens, the authors found that Japanese learners of English were 
able to transfer the knowledge gained from training to novel words spoken by both 
novel and old speakers. High variability training with tokens from multiple talkers 
was found to be more efficient than training with a single talker. Furthermore, both 
groups showed the effect of phonetic contexts as the performance in different 
phonetic contexts varied considerably.   
Lively et al. (1994) further tested the long-term retention of perceptual learning 
by administering two retention tests three and six months after the training was 
completed. The authors found that the high-variability procedures not only improved 
the perceptual performance of Japanese learners of English (in Japan) in the posttest 
and generalization tests, but also helped learners retain the improvement in the 
three-month test and partially retain in the six-month test. Thus, this study 
demonstrated that the high-variability training paradigm shifted trainees’ attention to 
the acoustic cues that encouraged a long-term modification of listeners’ phonetic 74 
 
perceptions. It is also important to note that, as in the previous two studies (Logan et 
al., 1991; Lively et al., 1993), the effects of talker and phonetic environment were 
persistent across all studies.   
    B r a d l o w  et al. (1997) used the high-variability training paradigm with slight 
modification to train Japanese learners of English (in Japan) to learn the contrast 
between /r/ and /l/. This study on perceptual training of the /r/ - /l/ contrast 
investigated changes in production after 3-4 weeks of perceptual training. The design 
of the study was the familiar pretest, post-test, and test of generalization, using high 
variability natural tokens. After 45 sessions of training, participants’ perceptions and 
productions of the target sounds were assessed. Feedback was provided during 
training in a slightly different way. They used a chime to signal a correct response, 
and a buzzer to indicate an incorrect response. Results showed that the trainees’ 
productions of the /r/ - /l/ contrast were better identified than their productions at 
pretest. As the training was provided in perception only, the authors claimed that the 
effects of perceptual training not only facilitated trainees’ perceptual identification of 
the /r-l/ contrasts, but also improved their accuracy in /r/ and /l/ productions as 
identified by native English listeners. 
2.7.1.2 Training Surprasegmental Contrasts 
While the above studies show the effect of training on segmental learning, 75 
 
Leather (1990) extended the training procedure to the suprasegmental level. Leather 
(1990) reports an initial attempt to examine the effect of laboratory training on 
learning Mandarin tones. Two groups of Dutch speakers served as trained groups, and 
the stimuli were the four tones on the Mandarin syllable “yu”. Trainees in one group 
were given perceptual training first, and then they were tested for their tonal 
production. The trainees in the other group were given the production training first, 
and then the perception test. The perceptual training involved several stages: listening 
to the speech samples, matching the given tones with tone labels, identifying sets of 
tones spoken by a single speaker, and identifying tones spoken by multiple speakers. 
If a trainee met the predetermined criterion of at least 80% correct identification in the 
last stage, together with 75% correct identification for each tone in stages 2 and 3, 
then the training would be terminated. Feedback was given to indicate if a response 
was correct or incorrect, and then the trainees were given a production test. 
Throughout the production training, no audio sound files for the stimuli were given. 
The trainees received only visual feedback from a computer screen displaying two 
panels (upper and lower). For each trial, a pre-recorded model (a pitch contour) was 
displayed on the upper panel, and the trainees were required to produce a tone with a 
matching tone contour that was shown on the lower panel. The program assessed their 
performance. If they passed the proficiency criterion of four consecutive satisfactory 76 
 
productions, or had more than 22 attempts assessed as unsatisfactory, the training for 
the tone in question would be terminated or abandoned. Leather found that these 
Dutch speakers were able to perceive the differences in tone after the production 
training. The author also observed an effect of perceptual training on production. After 
the Dutch listeners were perceptually trained to identify the four words differing in tone, 
they displayed improved ability to produce the words with the correct tones even 
though they had not been trained to produce the words. Leather concluded that training 
in one modality tended to be sufficient to improve the learners’ performance in the 
other. In order to assess the effect of auditory vs. visual feedback only in learning 
Mandarin tones, speech sound was removed for the Dutch speakers who took the 
production training only. The trainees had only visual feedback of pitch contours on a 
computer screen without hearing the actual speech. Though both training procedures in 
Leather’s study resulted in improvement in performance in perception and production 
of Mandarin tones by native Dutch speakers, the removal of the actual sound feedback 
for learning Mandarin tones may not be practical for L2 teaching involving normal 
hearing learners.  
Wang et al. (1999) adopted the high-variability training procedures to train eight 
native American learners of Mandarin to perceive the four Mandarin tones in eight 
40-minute sessions over two weeks. During training, learners were asked to identify 77 
 
the four tones in natural words produced by multiple native Mandarin talkers. 
Immediate feedback was given after each stimulus to indicate the correct answer, 
followed by the talker’s repetition of both tones in the tone pair. A posttest and 
generalization tests were administered after the training, and a retention test was given 
after six months. Results show that, the perception of Mandarin tone improved 
significantly after training (21% improvement). Moreover, this improvement 
generalized to new stimuli (18% improvement) and new voices (25% improvement), 
and was retained when probed six months after training (21% improvement). These 
results are consistent with the previous findings at the segmental level, suggesting that 
training encouraged non-native suprasegmental perceptual modification in a way 
similar to segmental training. More importantly, the retention test six months later 
indicated that the effect of training was maintained without any further training. The 
training produces highly generalized perceptual learning that yields long-term 
modifications of the learners’ perceptual system. 
So (2003) demonstrated using AV feedback can improve the listeners’ 
performance of L2 tonal perception and production immediately after training. Two 
groups of 12 naïve listeners (including native speakers of English, Cantonese, 
Japanese, and Korean) were trained to distinguish the most two confusing Mandarin 
tone pairs to learners of Mandarin, Tone 1-Tone 4, and Tone 2-Tone 3, using a 78 
 
pretest-posttest paradigm. The training session lasted for 60 minutes. In the 
experiment, the effectiveness of two training approaches, Audio-visual (AV) vs. 
Simple (SIM) feedback, on trainees’ performance was evaluated. The trainees were 
assigned to one of the training groups, which differed in the feedback type employed 
during training (AV or SIM), and each group consisted of native speakers of the four 
languages. Training was self-paced. Throughout the study, the trainees were given 
identification tasks using stimuli spoken by two native Mandarin speakers (1M, 1F). 
Testing stimuli for the pretest and posttest were the three syllables di, da, du produced 
with the four Mandarin tones, and training stimuli were ten other CV syllables, in 
which the vowel was any one of the monophthongs /i, a, u/. During training, each trial 
presented a tone with two identification choices, and feedback was given once the 
trainees had made a response. The trainees in the AV group received feedback 
consisting of three components: audio sound files, the static pitch contours of a tone 
pair that show not only the tone contours, but also the relative spatial relationship 
between the tones, and a concise text that explicitly directed the trainees’ attention to 
some crucial acoustic cues for the tones in each pair. The trainees can understand the 
content of the texts more easily when they relate the texts to the pitch contours and the 
audio sound files. For example, in terms of durational cue for the Tone 2 -Tone 3 pair, 
“Tone 3 is longer than Tone 2” was presented. In contrast, trainees in the SIM group 79 
 
received feedback that only indicated “correct” or “incorrect” for their responses. 
Results showed that although both training approaches improved the trainees’ 
perceptions of Mandarin paired tones, the AV group resulted in better learning 
outcomes in distinguishing the paired tones than the Simple feedback group. Acoustic 
analyses of the pre- and post-training productions revealed the nature of the 
improvement, showing that the tone contours produced by the trainees in the AV 
group approximated native norms to a greater degree than those in the SIM group. 
These findings suggest that this kind of (AV) feedback can facilitate the learning 
process when a short period of training is employed. 
Wang (2008) conducted a tone training study focusing on two training paradigms 
for learning Mandarin tones in pedagogical contexts. In this study, both tone language 
and non-tone language speaking learners of Mandarin Chinese were trained for three 
weeks to identify the four Mandarin lexical tones. Trainees in one group took the 
perception with production training receiving both audio and visual feedback using 
Kay Sona Speech II software. The target tones produced by native Mandarin speakers 
were played back through a pair of headphones and the pitch contours of the target 
tones were displayed on the computer screen in the top window to be compared with 
the trainees’ productions which appear in real time in the bottom window. Another 
group of trainees took the perceptual training only with four-way forced choice 80 
 
identification tasks with immediate feedback. The same training tokens were used in 
both training modes. Pretest and post-test data in perception and production were 
collected from both groups and were compared for effectiveness of both the training 
procedures. The results at post-test showed that both training groups improved 
significantly in perceptual and production accuracy of Mandarin tones and perceptual 
learning also generalized to new stimuli by a new speaker. More importantly, trainees 
who received the auditory-only feedback showed a greater perceptual and productive 
improvement in identifying and producing Mandarin lexical tones than those who 
were trained with the auditory with visual feedback. These findings suggest that both 
types of feedback can facilitate the learning process, while perceptual training with 
auditory-only feedback is sufficient for improvement in both perception and 
production of Mandarin tones.   
2.7.2 Effect of Perceptual Training on Production 
The transfer of learning from perception to production has been reported in 
studies training learners to perceive non-native segmental contrasts. Rochet (1995) 
reported the transfer effect of perceptual training on production of French voice onset 
time (VOT) categories by native speakers of Mandarin Chinese. Using an imitation 
task, productions of voiced and voiceless stops (labials, dentals, and velars) in a 
variety of vowel contexts were elicited both before and after perceptual training. 81 
 
Perceptual training involved six 30-minute sessions in which they identified a 
synthesized French /pu/-/bu/ series with feedback. The Mandarin trainees improved in 
both perception and production of the voiceless stops after the perceptual training. An 
assessment of production gains following perceptual training was carried out by 
measuring VOT values in pretest and post-test productions, with voiceless stops 
exhibiting more misidentifications in pretest productions compared to post-test 
productions. Mean VOT durations for voiceless stops in initial position did show 
improvement towards more French-like VOT values. However, the improvement in 
production was not significant for voiced stops, and did not generalize to the 
production of stops in intervocalic position.   
Using different methodological manipulations, Bradlow et al. (1997) also 
investigated the effects of perceptual training on production, by examining the 
production of the English /r–l/ contrast by Japanese learners. The design of the study 
was the familiar pretest, post-test, and test of generalization. Perceptual training 
involved identification of naturally produced English /r/ and /l/ minimal word pairs 
using a high variability perceptual training procedure. Results showed that the trainees’ 
productions of the /r/ - /l/ contrast were better identified than their productions at 
pretest. Moreover, these production improvements were generalized to novel stimuli, 
and were retained three months after the perceptual training. As the training was 82 
 
provided in perception only, the authors claimed that the effect of training was 
transferred to production. However, the studies found no correlation between degree 
of learning in perception and production. That is, the improvement in perception and 
production did not proceed in parallel within individual learners (Bradlow et al., 
1997). 
Consistent with the findings at the segmental level, recent results show that after 
short perceptual tone training, non-native speakers of Mandarin improved both their 
perception and production of Mandarin tones. For example, Wang, Jongman, & 
Sereno (2003a) examined the production of Mandarin tones by American learners 
before and after the perceptual training. The results showed that perceptual learning of 
tonal properties can be transferred to learners’ tonal productions after training, as 
judged by native Mandarin listeners. Acoustic analyses of the pre-and post-training 
productions revealed the nature of the improvement, showing that post-training tone 
contours approximated native norms to a greater degree than pre-training tone contours. 
One interesting finding is that pitch height and pitch contour are not mastered in 
parallel, with the former being more resistant to improvement than the latter. The 
results indicated that the perceptual training of lexical tones improved trainees’ tonal 
productions. These findings also suggested that perceptual training produces highly 
generalized learning that yields long-term modifications of the learners’ perception and 83 
 
production of Mandarin tones. 
2.7.3 Production Training   
    Studies of production training in L2 speech learning are extremely rare. Leather 
(1990) reports an initial attempt to examine the effect of production training on 
perception. Leather (1990, 1997) carried out a parallel perceptual and production 
training study on native Dutch speakers learning the four Mandarin words differing in 
tone. One group received perceptual training followed by a production test, while the 
other group had production training but was tested on perception. Both groups 
demonstrated improvement in perception and production regardless of the mode in 
which they received training. Leather concluded that training in one modality tended 
to be sufficient to improve the learners’ performance in the other. Learners did not 
need to be trained in production to be able to produce the tonal contrasts; similarly, 
they did not need to be trained in perception to be able to perceive them. Nevertheless, 
the results revealed that the perceptual training assisted the trainees in learning of the 
Mandarin tones better than did the production training. In addition, since only one 
syllable was used in training as well as testing, the generalizability of the learning 
effect was not easily determined. We do not know if this type of training can produce 
long-term learning that can be extended across stimuli, voice, as well as speech 
modality.  84 
 
2.8 Summary of Previous Studies and Problems for Future Studies 
Summing up the results of training studies discussed in the above sections, 
although evidence on tonal contrasts is still very limited, first and most importantly, 
the identification of non-native speech contrasts generally improved after 
well-designed training in the laboratory. In addition, researchers have also found an 
effect of training with regard to generalization and long-term retention. First, 
experience gained from training on one phonetic category (e.g., VOT contrast for 
labial stops) can be transferred to another phonetic category (e.g., VOT for alveolar 
stops) without additional training (McClaskey et al., 1983). Second, perceptual 
learning can extend to novel words and talkers that are not used in the training (Lively 
et al., 1993). Third, contrasts learned can be maintained long three to six months after 
training (Lively et al., 1994). And finally, perceptual learning can generalize to better 
production of the target contrast without production treatment. Similarly, training on 
production can be effective in the perceptual learning of contrasts (Rochet, 1995; 
Bradlow et al., 1997). More interestingly, the results show that perceptual training 
only paradigm outperforms perceptual with production training paradigm in the 
perceptual and production accuracy of the four Mandarin tones significantly (Wang, 
2008). 
Previous studies have developed and advanced different training methodologies. 85 
 
A number of techniques have been tested, improved and assessed in order to 
maximize training effects. For example, Jamieson and Morosan (1986, 1989) and 
Rochet (1995) designed the fading technique to test whether learning with synthesized 
tokens transferred to natural speech. Logan et al. (1991) demonstrated that a 
high-variability training paradigm (i.e., identification of naturally produced stimuli by 
multiple talkers) encouraged long-term modification of listeners’ phonetic perception. 
    Despite  the  successes  with  the  training studies in general, a number of problems 
and limitations can be found in the studies of modification of non-native contrasts. 
One of the limitations is that previous training studies on the acquisition for learning 
Mandarin tones did not go beyond tones in isolation, which is monosyllabic. Future 
training studies on learning L2 tones need to address the problem of perception and 
production of tones in contexts; that is, tones should be perceived and produced in 
larger linguistic units such as phrases and sentences.   
Another limitation of the training has been found with transfer of learning to new 
talkers. The trainees have been found to perform better in identifying the target 
contrasts produced by familiar speakers even months after the training was completed 
(Logan et al., 1991; Lively et al., 1993; Lively et al. 1994). This problem appeared to 
persist even when trainees were exposed to multiple talkers (the high variability 
training paradigm). Future training studies on learning L2 tones need to expose 86 
 
listeners to the tokens of multiple talkers to maximize the talker variability during the 
training process. The effect of talker, the number of linguistic units, and other 
problems observed in the reported training studies need to be addressed in future 
studies.  
Still another limitation of the previous studies is that the results of the training 
were not discussed in pedagogical contexts. Most of the training studies have yet to be 
implemented by teachers and learners in actual teaching settings. There is a significant 
gap between some of the key research findings of laboratory studies and techniques 
that have actually been put into pedagogical practice. Future studies should make the 
laboratory procedures and the theoretical constructs relevant to pedagogy. For 
example, training in the studies cited above has been carried out according to fixed 
schedules, with all trainees receiving the same training procedures, irrespective of 
individual differences and learning styles. In actual teaching settings, individual 
differences must be accommodated to take advantage of extracurricular activities.     
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CHAPTER 3 
Three Training Paradigms and Effect on Perceptual Learning 
 
3.1 Introduction 
This chapter reports the design, implementation, and results of the three training 
paradigms for learning Mandarin lexical tonal contrasts. The study consisted of the 
pretest, the three training paradigms, the post-test, and the generalization test phases. 
The three paradigms consisted of perceptual training with auditory input only, 
perceptual training with auditory and meaning-bearing input, and perceptual and 
production training with auditory and visual input. The goal of this study is to explore 
the effect of the three training paradigms for learning Mandarin lexical tones 
implemented as extracurricular activities for non-tonal learners taking an introductory 
Chinese course. The general goal of the first mode which uses the auditory input only 
is to investigate whether training is effective in perceptual learning and whether the 
tone contrasts gained perceptually transferred to production. (Production tests will be 
reported in Chapter 4). The second training mode uses the auditory and 
meaning-bearing input together to enhance auditory input for learning Mandarin tones. 88 
 
In this training method, trainees can hear speech sound and see the corresponding 
pictures and English equivalents of the Chinese stimuli. The aim is to investigate 
whether the auditory and meaning-bearing input together can enhance perceptual 
learning and whether such perceptual learning can affect production. The lexical 
meaning imparted in the stimulus during training is necessary since non-tonal learners 
can attach meaning to both stimulus and response. Finally, the third training mode, 
perceptual with production training mode, uses the auditory and visual input together 
to enhance auditory input for learning Mandarin tones. In this training method, the 
trainees can hear speech sound and see pitch contours of the stimuli. The goal is to 
examine whether the perception and production training procedure can result in better 
performance in perception and production of Mandarin tones. The general aim of this 
study is to provide the non-tonal learners with three different learning tools to learn 
Mandarin tones, if all are effective. Previous training studies on the acquisition for 
learning Mandarin tones did not go beyond tones isolation, which is monosyllabic. 
This training study on learning Mandarin tones addresses the problem of perception 
and production of larger linguistic units, disyllabic words. Moreover, based on the 
three training modes, this study integrates instructional multimedia and the Internet to 
plan and design an efficient and appropriate Mandarin tone teaching website as a 
learning assistant tool for non-native learners. The four specific research questions to 89 
 
be addressed in this chapter are:   
1.   Will trainees improve their perception and production accuracy of Mandarin 
lexical tones after taking perceptual training (auditory input only or auditory 
with meaning-bearing input), or perception with production training (auditory 
and visual input)? 
2.  Will perceptual learning resulting from the three training paradigms be 
generalized to new words produced by a new speaker? 
3.      If the three training paradigms are effective, what are the advantages of each?     
4.   To what extent will trainees improve their perceptual accuracy of tones in the 
final and non-final positions of disyllabic words in terms of increased 
identification scores after training? What is the effect for position and what is 
the interaction between tone and position in the categorical perception of tone? 
3.2 Participants 
A total of 28 non-tonal speakers of Chinese (7 females, 21 males) were recruited 
from the Mandarin Training Center of National Taiwan Normal University and the 
Chinese Language Center of Tamkang University. All were paid for their participation. 
All participants were taking a beginning Chinese language course and using Practical 
Audio-Visual Chinese (2
nd Edition) Book 1 or Book 2 at the time of the study. That is, 
they have taken one or two terms (3 months for each term) of Mandarin Chinese 90 
 
language courses. The differences in age within the range of 18-47 years old were not 
expected to have a large effect on the outcome of the training if they all had 
perceptual problems with the target tonal contrasts. The other reason to recruit adult 
speakers of this age range was because they were not likely to fail the hearing 
screening that was important for the perceptual training.   
The non-tonal participants varied in their L1 background, which included the 
non-tone languages: English (16), Spanish (6), Swedish (2), Russian (2), French (1), 
and German (1). Most of the participants were advanced English speakers but some of 
them were only conversant in English. None of the participants has ever lived in a 
Mandarin-speaking environment, and most of them have no experience with a tone 
language prior to learning Mandarin. All had normal hearing according to self-report. 
All twenty-eight participants took the pretest that included the production task and 
then the identification task of the Mandarin disyllabic words. Two participants who 
were not so familiar with Pinyin system (Romanized sound system) were asked to 
withdraw from the study immediately after the pretest. Four participants were 
overqualified for the training and were eliminated from the training as preliminary 
analysis of their perception test showed that they did not have obvious perceptual 
problems with the tonal contrasts. One participant was asked to leave at the stage of 
training due to conflict of schedules and lack of interest for the long-term 91 
 
commitment. All the three training procedures were introduced to the participants 
with live demonstration in the laboratory before the training began. Out of their own 
choices, five participants (the A Group) received perceptual training with auditory 
input only and five participants (the AM Group) took perceptual training with 
auditory and meaning-bearing input. Five participants (the AV Group) received 
perceptual with production training with auditory and visual input. Another six 
participants who did not take the training but were taking the beginning Chinese 
language course during the time of the study served as the control group (the C 
Group). All participants were familiar with Pinyin system (Romanized sound system) 
and tonal diacritics used in this study because the course had already covered tones by 
the time the students took the training. Detailed background and information about the 
trained and control participants in the study is presented in Table 3-1.   
Five native speakers of Taiwan Mandarin (two males and three females) served 
as speakers for the stimulus recording. All were free of any speech or hearing 
disorders based on self-report. One female speaker read the pretest and post-test 
stimuli, while this female and three others (two males and one female) served as 
speakers during training. The fifth speaker was a female who provided the new 
stimuli for the generalization test.   
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Table 3-1. Characteristics of the trained and control participants in terms of language 
background.  
Trained Participants 
Subject 
ID  Gender  L1  Age Mode of 
learning 
Length of 
learning
a
 
Chinese 
level
b 
Hours of 
learning/ 
per 
week 
L2 
experience
A01 M  Spanish  19  intensive
c 3 months Book 2  15 English 
A03 F  English  18  class
d
  1 year  Books 1-2 12 none 
A04 F  Russian  29  intensive  4 months Book 2  22 English 
A05 M  Spanish  23  intensive  4 months Books 1-2 15 English 
A06 M  English  35  intensive  6 months Book 2  30 Swahili 
AM01 M  Swedish  23  class  4 months Book 2  15 English 
AM02 M  Spanish  19  class  9 months Book 1  10 English 
AM03 M  English  24  class  4 months Books 1-2 15 none 
AM04 M  English  25  class  3 months Book 2  20 Spanish 
AM06 M  English  29  intensive  2 years  Book 1  17 none 
AV01 M  Swedish  25  intensive  3 months Book 2  15 English 
AV02 M  English  47  class  6 months Book 2  20 none 
AV04 M  German  27  class  7 months Book 1  25 English 
AV05 M  English  20  intensive  4 months Books 1-2 15 Spanish 
AV06 M  English  35  intensive  4 months Book 2  20 Czech 
Mean     26.5   6.5 months    17.4   
Control Participants 
C01 M  English  24  class  2 months  Book 1  10  Cantonese
C02 F  Russian  27  class  5 months  Book 2  27 English 
C03 F  French  26  class  5 months  Book 2  32 English 
C04 F  English  29  class  10 months  Book 2  12 none 
C05 F  English  20  class  10 months  Book 2  10 none 
C06 M  English  25  class  3 months  Books 1-2 14 none 
Mean     25.2   5.8 months  17.5   
a 
Length of learning Chinese as a foreign language.   
b The textbook number represents the first or second term of Chinese courses subjects are taking     
  during the training period.       
c An intensive Chinese program (15 hours/week). 
d A first-term Chinese course (10 hours/week). 
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3.3 Materials 
The stimuli used in all perceptual tests (pre, post, and generalization) and the 
three training procedures were produced by five native Mandarin speakers (two males 
and three females) who read a list of real disyllabic Mandarin words in Chinese 
characters presented with Pinyin. In order to ensure context variability, the stimuli 
were chosen to have all disyllabic tone combinations. The tone combinations are 
listed below. Each digit represents the citation tone of the syllable.   
Disyllabic Words 
1-1 3-1
1-2 3-2
1-3 3-3
1-4 3-4
2-1 4-1
2-2 4-2
2-3 4-3
2-4 4-4
For the pre and post test, 64 disyllabic stimuli (4 for each disyllabic tone 
combination) spoken once and produced by one of the female speakers were used. 
The order of the stimuli was counterbalanced and then adjusted to make sure to avoid 
more than two sequences of similar tone pairs. For the training, a total of 160 
disyllabic stimuli (40 minimal quadruplets) produced by each of the four speakers 
(two males and two females) were used. The fifth speaker, a female whose voice was 
not heard in the training provided the stimuli for the generalization test, which 
consisted of 64 syllables. The purpose of the generalization test was to investigate 
whether learning was generalized to new words produced by a new speaker. Thus, the 94 
 
indication of improvement on tones in general did not result from being familiar with 
the voices of those heard in the training.   
    The stimuli were recorded in a quiet room on a PC computer using GoldWave 
software. The speakers read the list of words on a microphone. The readings were 
recorded and saved at a sampling rate of 22050 Hz with 16-bit resolution. Each 
stimulus was normalized for peak amplitude for presentation. Before the pretest and 
training, the intelligibility of the stimuli was evaluated by two additional native 
Mandarin listeners through four-way forced choice tasks. For both listeners, 
identification accuracy was 100% for all stimuli and all speakers. 
The training program consisted of a pretest phase, a training phase, and a 
post-test phase (including a generalization test) (see Table 3-2). Both the tests and 
training were conducted at the NTNU Multimedia Language Laboratory, where 
listeners were tested or trained in a sound-insulated booth.   
3.4 Pretest 
3.4.1 Procedure 
The pretest, which lasted about one hour, consisted of a reading task providing 
the production data and an identification task. Before the test began, the participants 
filled out a general questionnaire (see Appendix 2) that requested the information 
about their L1 background, L2 experience, and their length of learning Chinese as a   95 
 
Table 3-2. Design of the perception and production study 
Phase of 
Study  Mode Tasks  Participants
Pretest  Production  Read a list of 64 real disyllabic 
words in Pinyin 
Trainees (15)
Controls (6) 
Perception    - Identification tasks (no feedback) 
- Stimuli: 64 disyllabic words in 
Pinyin  
Trainees (15)
Controls (6) 
Training 
(8 hours in 2 
weeks) 
Perception 
only 
- Audio-only input 
- 4 way forced-choice tasks (with 
immediate feedback) 
- Stimuli: 1280 disyllabic words 
(160 disyllabic words x 4 speakers 
x 2 times) 
Trainees (5) 
(A Group) 
Perception 
only 
- Audio-Meaning input 
- 4 way forced-choice tasks (with 
immediate feedback) 
- Stimuli: 1280 disyllabic words 
(160 disyllabic words x 4 speakers 
x 2 times) 
Trainees (5) 
(AM Group) 
Perception & 
Production 
- Audio-Visual input with real time 
display of pitch contours 
Perception: 
- 4 way forced-choice tasks (with 
immediate feedback) 
- Stimuli: 640 disyllabic words 
(160 disyllabic words x 4 speakers)   
Production: 
- Read the same 640 disyllabic 
words as in perceptual training   
Trainees (5) 
(AV Group) 
Post test  Production (1): 
Repetition Task 
Repeat the same 64 disyllabic 
words as pretest after the speaker   
Trainees (15)
Controls (6) 
Production (2): 
Translation 
Task 
Translate the English equivalents of 
the same 64 disyllabic words into 
Mandarin words   
Trainees (15)
Controls (6) 
Production (3): 
Reading Task 
Read a list of re-randomized 64 
disyllabic words in Pinyin as pretest 
Trainees (15)
Controls (6) 
Perception  - Identification tasks (no feedback) 
- Stimuli: re-randomized 64 
disyllabic words in Pinyin as pretest 
Trainees (15)
Controls (6) 
Generalization 
test (at post 
test phase) 
Production  Read a list of novel 64 disyllabic 
words in Pinyin 
Trainees (15)
Controls (6) 
Perception  - Identification tasks (no feedback) 
- Stimuli: novel 64 disyllabic words 
in Pinyin by a new speaker 
Trainees (15)
Controls (6) 96 
 
foreign language. The participant then proceeded with the production task (to be 
reported in Chapter 4) followed by the identification task. 
Both the trainees and the controls took the pretest, in which they were presented 
with 64 randomized stimuli by a female speaker. A printed out answer sheet in Pinyin 
without tonal diacritics was presented to the listeners before the test. The 
experimenter then explained the identification task with examples and familiarized the 
listeners with the test procedure through a short trial session. During the test, the 
listeners heard each stimulus only once at an inter stimulus interval (ISI) of four 
seconds. They were asked to mark all syllables with a tonal diacritic on the answer 
sheet even if they had to guess. They were told explicitly that the stimulus included no 
neutral tones. The results were analyzed by calculating the percentage correct 
identification of the 64 test stimuli by each listener. The perception test lasted about 5 
minutes, with no more than four listeners tested at any one time. All listeners were 
tested within a one-week period.   
3.4.2 Participants for Training: The Preliminary Analysis of the Pretest 
    As reported earlier, before training began, a preliminary analysis of the pretest 
results of the test stimuli for each participant was performed as a screening procedure 
to eliminate participants who did not show perceptual problems from the subsequent 
perceptual training. The analysis also helped to identify each listener’s perceptual 97 
 
problems. In order to investigate whether the listeners perceive some tones more 
categorically than others, each listener’s correct identification scores of the disyllabic 
stimuli were calculated. The mistake(s) in either di-initial or di-final syllable or both 
of the test stimulus was counted as one error. Taking into consideration of the 
possibility of occasional errors, a range of correct percentage identification scores of 
61%-100% (39 out of 64 test items) was set as standard. Participants who met this 
standard for all the stimuli were eliminated from the training. As reported in Section 
3.2, four of participants met this standard and were asked to withdraw from the 
training experiment before it began. Their identification performance on the pretest 
was excluded from further analysis. The 21 remaining participants who did not meet 
this standard continued to complete the following tasks.   
3.5 Perceptual Training (Audio-only Feedback & Audio-Meaning Feedback) 
3.5.1 Training Stimuli Organization 
Immediately after the pretest, only the 10 trainees in the A group and the AM 
group participated in the two-week perceptual training program, consisting of four 
sessions of two hours each, during which the trainees were trained auditorily with the 
stimuli produced by four native Mandarin speakers. For the A and AM groups, 
perceptual training was carried out in a multimedia language laboratory on ASUS 
computers using an Internet training system (http://140.115.135.123/MTT) as a tool 98 
 
for self-learning. Each trainee had one pair of account and password to log in the 
system to start training.   
The perceptual training included 640 real disyllabic stimuli (160 words x 4 
speakers) were divided in terms of speaker. Each speaker’s words were subdivided 
into four blocks of 40 stimuli each for presentation. The presentation of disyllabic 
tone combinations during training allowed for an increase in difficulty of tone 
contrasts. The sixteen tone combinations was divided into four blocks from easiest to 
most difficult, in accordance with the error analysis obtained from the trainees’ pretest 
and their responses on questionnaires. Based on the trainees’ responses to Question 8 
on the questionnaires, the rank order of the four tones from easiest to most difficult 
was Tone 1, Tone 4, Tone 2, and Tone 3 for half of the trainees, and Tone 1, Tone 4, 
Tone 3, and Tone 2 for another half of the trainees. That is, the first training block 
started with Tone 1 (level) and Tone 4 (falling) which consisted of Tone1-Tone1, 
Tone1-Tone4, Tone4-Tone1, and Tone4-Tone4 disyllabic combinations. Tone pair 2 
(rising) and 3 (dipping) was reported by many trainees as confusing. Many trainees 
had most difficulty contrasting Tones 2 and 3 because both tones have a rising portion 
of the pitch contours. Nevertheless, they also exhibit different degrees of falling-rising 
patterns. According to Fon & Chiang (1999), Taiwanese Mandarin rising tone (i.e., 
Tone 2) shows a dipping at the initial portion and then a moderately rising pattern in 99 
 
the final portion. The dipping pattern can also be seen in the productions of Mandarin 
speakers in some previous studies (e.g., Gandour, 1983; Howie, 1976; Moore & 
Jongman, 1997). In addition, the sandhi rule which changes a third tone to a rising 
tone before another third tone may lead trainees to confuse them. The fourth training 
block, i.e. most difficult, had Tone 2 and Tone 3 which included Tone2-Tone2, 
Tone3-Tone2, Tone2-Tone3, and Tone3-Tone3 targeted tone combination patterns. As 
for the second and the third training blocks, each block included the four tones during 
training in order to strike a balance between the two blocks. The second training block 
contained Tone 1-Tone 2, Tone 2-Tone 1, Tone 4-Tone 3, and Tone 3-Tone 4. The 
third training block included Tone 1-Tone 3, Tone 3-Tone 1, Tone 4-Tone 2, and Tone 
2-Tone 4 tone combinations. For each training session, the trainees always started 
with Block 1, followed by Block 2, Block 3, and Block 4. The order of the 40 stimuli 
within each block was randomly presented to the trainees. In order to ensure context 
variability, the stimuli were chosen to have combinations of various initial consonants 
and final vowels, and different syllabic structures (i.e. V, CV, CVNasal, VN, CGlideV, 
or  CGVN).    
The perceptual training used two kinds of input, auditory input for the A group 
and auditory with meaning-bearing input for the AM group, in order to test the effect 
of them on Mandarin tone learning. The trainees from both groups heard the stimuli 100 
 
through a pair of headphones and saw the Pinyin of the stimulus without tonal 
diacritics on the screen. In addition to auditory input, meaning-bearing input was 
provided to the AM group to enhance auditory input, containing the referential 
meaning like corresponding pictures and English equivalents of the stimuli. For 
example, the trial “jing cha” ‘police officer’ was automatically played for 
identification for both groups. In addition to hearing the sound of the stimulus, the 
AM group could see the picture of “police officer” and its English translation. 
Examples of the training interfaces for the A group and AM group are given in 
Figures 3-1 and 3-2. 
 
 
         Figure  3-1.  The  training  interface of the trial “jing cha” for the A group. 
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           Figure 3-2. The training interface of the trial “jing cha” for the AM group 
 
3.5.2 Training Procedures 
The entire course of training included four sets including eight sessions during the 
eight hours of training spread across two weeks. It took a trainee about two hours to 
complete two successive sessions, or two speakers’ training stimuli (160 stimuli x 2 
speakers), during each two-hour training set. Female (F) and male (M) speakers were 
always presented alternately. For the first training set, trainees had to finish practicing 
Speakers 1 (F) and 3 (M)’s training stimuli. As for the second training set, trainees 
had to complete Speakers 2 (F) and 4 (M)’s training sessions. For the third and fourth 
training sets, the trainees recycled the first and second training sets. The four-way 
forced choice tasks with immediate feedback were provided after each trial during the 
training. The labels used were “1”, “2”, “3”, and “4” for the four corresponding 102 
 
Mandarin tones and appeared as four buttons on the computer screen. The trainees 
were told to pay attention to the tones only for each stimulus presented. Every time a 
trainee identified two syllables of a stimulus that matched one of the four tones by 
clicking the corresponding button, immediate feedback in the form of sound for 
correct answer in order not to interrupt the training progress, or in the form of words 
“Wrong!! 1
st tone answer is: X. 2
nd tone answer is Y” flashed on the screen. As soon 
as the trainee made a choice by clicking one of the four buttons, the next token was 
then automatically played for identification. Each stimulus was automatically played 
once but the trainee could choose to replay this stimulus before making the judgment. 
The trainee had the control over the pace of the stimulus presentation by either 
immediately or delaying clicking the button each time after hearing a stimulus. By the 
end of the block, the program automatically calculated the percentage of correct 
identifications of this block and provided the score on the screen. The trainee could 
then choose to redo this block or move on to the next one. After the trainee finished 
practicing four blocks in each session, there was a sixteen-item test automatically 
presented on the screen (see Figure 3-3). This test included sixteen test items in which 
each tone pair included one stimulus chosen randomly from the training stimuli by the 
Internet system. By the end of the test, the program automatically calculated the 
correct identification score of the test and provided the score on the screen for self   103 
 
Figure 3-3. The post-training interface of the sixteen-item test for each training group. 
Each item represented one tone pair and each tone pair included one stimulus chosen 
randomly from the training stimuli by the Internet system. 
 
assessment. This post-training test would help the trainee to understand and evaluate 
his or her own performance after each training session and to take charge of the 
improvement of his or her perceptual learning.   
A self-paced, trainee-centered procedure was adopted through the entire course 
of training. This flexible training approach was designed to meet the different needs 
of the trainees who had problems with particular tone combinations under training and 
therefore progressed at different paces. This flexible training procedure was also 
adopted to keep the trainees motivated and committed to the end. The experimenter 
was present with no more than three trainees at any one time throughout the whole 
training process to provide assistance in logging in to the Internet system and helping 104 
 
the trainee to keep a training log, and to correct and explain the errors the trainee 
made in the previous post-training test before the next session began. In fact, it was 
the trainee’s responsibility to commit to the schedules for each session in the process. 
Due to differences in each participant’s schedule, beginning levels, and the pace of 
progress, the entire course of training differed across trainees. The average number of 
times the trainees came to the lab for training was four except one subject who came 
seven times due to conflict of schedules. Although trainees were encouraged to redo 
the block in which they received lower scores and needed more training, only two 
subjects redid a particular block once. Detailed information about each participant’s 
training progress is summarized in Tables 3-9 ~ 3-12 (as shown in Section 3.9.3) for 
the four training sets. The trainees recycled the training sessions repeatedly at their 
own pace. Because of this, the entire course of training differed across trainees, with 
an average of 2.5 weeks. This may not be the ideal situation for a study, but it 
resembles more the real learning situation of Mandarin learners, who progress at 
different paces.   
3.6 Perception and Production Training (Audio-Visual Feedback) 
3.6.1 Training Stimuli Organization 
Immediately after the pretest, the 5 trainees in the AV group participated in the 
two-week perception and production training program, consisting of four sessions of 105 
 
two hours each, during which the trainees were trained auditorily and visually with 
the same stimuli used in the perceptual training. The training for the AV group could 
be conducted at the same time in the same multimedia language lab with the A and 
AM groups, but no more than two trainees came for training at any one time because 
the experimenter had to provide assistance for the trainees and control the training 
process throughout the session. The training was carried out on ASUS computers 
using the same Internet training system (http://140.115.135.123/MTT) and the Praat 
software (Institute of Phonetic Sciences, University of Amsterdam) with a 
microphone connected to the computer as training tools. Each trainee had one pair of 
account and password to log in the system to start training. 
The same stimuli used in the perceptual training were also divided in terms of 
speaker for presentation in perception with production training. The perception and 
production training used two kinds of input, auditory with visual input for the AV 
group, in order to test the effect of the combined input on Mandarin tone learning. The 
trainees from the AV group heard the stimulus through a pair of headphones and saw 
the Pinyin of this stimulus without tonal diacritics and its pitch contour on the screen. 
The pitch contours of the four speakers’ production were conducted on a computer 
using the Praat software and stored in the Internet training system. For example, the 
trial “jing cha” ‘police officer’ was automatically played for identification. In addition   106 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-4. The training interface of the trial “jing cha” produced by the speaker 1 for 
the AV group. 
 
to hearing the sound of the stimulus, trainees could see the pitch contour of “police 
officer” as shown in Figure 3-4. 
3.6.2 Training Procedures   
The entire course of training included four sessions during the eight hours of 
training spread across two weeks. It took a trainee about two hours to complete one 
training session, or one speaker’s training stimuli (160 stimuli). Female (F) and male 
(M) speakers were always presented alternately. The order of the speakers would be 
Speakers 1 (F), 3 (M), 2 (F), and 4 (M) for the four training sessions. In the perception 
and production training, the training sessions were conducted using the Praat software. 107 
 
An important reason was that this software was free to download from the Internet 
and could be installed in the computer at any time in the lab. With the Praat software 
installed in the computer and before the training began, the process of recording a 
sound object and generating a pitch contour for voice analysis was introduced to the 
trainees with live demonstration in the laboratory. During the training, each stimulus 
with the pitch contour was automatically played on the computer screen. The trainee 
then repeated the target tonal syllables and recorded his/her own production of the 
target tones by speaking into the microphone to make a recording. The trainee’s sound 
had to be saved to the Praat Objects window first. Then, the pitch contour of the 
sound could be displayed on the screen by clicking “Edit” icon.   
The trainee could then compare his/her own sound with the target sound by 
playing them back repeatedly (auditory input). The trainee could also visually 
compare the pitch contour of his/her own production to that of the target tone while 
alternately playing them back for auditory comparisons. The trainee could also clear 
his/her own production to record again and practice the target tone repeatedly. The 
four-way forced choice tasks with immediate feedback same as those in the perceptual 
training were provided after each trial during the training. The trainees had the control 
over the pace of the stimulus presentation. By the end of each block, the program 
automatically calculated the percentage of correct identifications of this block and 108 
 
provided the score on the screen. The trainee could then choose to redo this block or 
move on to the next one. There was a sixteen-item post-training test presented to the 
trainee after four blocks were completed in each session. By the end of the test, the 
program automatically calculated the correct identification score of the test and 
provided the score on the screen for self assessment. The experimenter would correct 
and explain the errors made in the previous post-training test before the next session 
began.  
3.7 Training Logs   
The Internet training system designed for the current study had the advantage of 
keeping track of training progress, including the date, the time, the number of training 
blocks, the period of time the trainees spent on each block, the speaker(s) they 
practiced on, and the percentage of correct identifications gained in each block and 
post-training test. Each trainee from the three groups was required to keep a training 
log in order to observe if there was any performance improvement of his/her own.   
In the current study, the number of stimuli required to complete in the four 
training sets including eight sessions in the perceptual training (the A group and AM 
group) were the four speakers’ training stimuli repeated two times, or 1280 auditory 
disyllabic stimuli (160 words x 4 speakers x 2 times). The number of stimuli 
completed in the four training sessions in the perception and production training (the 109 
 
AV group) were the four speakers’ training stimuli and the corresponding production 
of the stimuli, or 640 auditory disyllabic stimuli and 640 productions of the stimuli. 
Because of this, the entire course of training including four training sessions did not 
differ much across groups, with an average of 8 hours, 2 hours for each session at 
most.  Detailed information about each participant’s training progress will be 
explained later in Section 3.9.3 “Performance  during  Training”.   
3.8 Post-test and Test of Generalization 
    Within the same week training was completed, the trainees took the post test, 
which was otherwise identical to the pretest, except that the stimuli were 
re-randomized. The control group also took the same post test at approximately the 
same time interval between the pretest and post test as the trained group. In addition 
to the post test, all groups took the generalization test which consisted of 64 new 
stimuli by a female speaker whose voice was not heard during the pretest and training 
phases. The stimuli in the test of generalization included various syllable structures 
with various initial consonants and final vowels in order to ensure context variability.  
The generalization test was presented to the listeners in the same test procedure as the 
pretest and post-test and was administered immediately after the post test. The test of 
generalization was presented as the same task used in the pretest. A printed out answer 
sheet in Pinyin without tonal diacritics was presented to the listeners before the test. 110 
 
3.9 Results 
3.9.1 Overall Improvement and Generalization 
The mean percentage correct identification (% ID) scores of the Mandarin tones 
by the training groups and the control group at pretest, post test, and generalization 
test are displayed in Figure 3-5. Overall, the mean percentage increase from the 
pretest to post-test was 38 percent, 38 percent, and 24 percent for the trained A group, 
AM group and AV group respectively. Moreover, this increase in performance was 
also revealed in the generalization test. The percent ID was 68 percent, 71 percent, 
and 53 percent for the A group, AM group and AV group respectively, indicating tone 
contrasts gained in training were extended to the novel speaker and stimuli. In 
contrast, although the control listeners started at approximately the same level as the 
trainees in the three groups in the pretest (42% correct identification), they exhibited 
little improvement in the two post-tests (44% in the post-test, and 44% in the 
generalization test). 
A two-way repeated measures ANOVA with Group (A, AM, AV, C) as between 
subject factor and Test (pre, post, generalization) as within subject factor showed an 
effect of Test [F(2,34) = 66.158, p = .000] and an effect of Group [F(3,34) = 9.272, p 
= .001]. The Group x Test interaction was also significant [F(6,34) = 7.481, p = .000] 
(as shown in Table 3-3). To further investigate these effects, two one-way ANOVAs   111 
 
 
Figure 3-5. Mean percent correct identification scores for the Mandarin tones and 
standard errors for A group, AM group, AV group, and C group at pretest, post test, 
and generalization test.   
 
were conducted (as shown in Table 3-4). First, a one-way ANOVA was calculated for 
each test, with Group as factor. As expected, no reliable difference was obtained 
between the trained and control groups at pretest [F(3,51) = 1.167, p = .331]. However, 
these tests established significant differences between the groups on post test [F(3,51) 
= 17.250, p = .000] and generalization test [F(3,51) = 7.167, p = .000]. This indicates 
that the trained and control subjects’ tone identification accuracy was comparable to 
start with, but their performance was different after training. Post hoc (Tukey HSD) 
multiple comparisons (α < .05) further revealed significant differences on post test 
between the A and AV groups, the AM and AV groups, the A and C groups, and the 
AM and C groups. Conversely, no reliable difference was found between the A and   
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Table 3-3. Two-way repeated measures ANOVA with Test (pre, post and gen) as 
within subject factor and Group (A, AM, AV and C) as between subject factor 
Source SS  df  MS  F  P 
Group   .683  3  .228  9.272  .001 
Test   .696  2  .348  66.158  .000 
Group  x  Test   .236  6  .039   7.481  .000 
Within groups  .596  51  .012     
  Between  subjects  .417  17  .025     
  Error   .179  34  .005     
Total 2.211  62       
 
 
Table 3-4. One-way ANOVA with Test (pre, post and gen) and Group (A, AM, AV and 
C) as factors 
Simple Main Effect  SS  df  MS  F  P 
Test            
  In  A  Group  condition  .371  2  .185  37  .000 
  In  AM  Group  condition  .352  2  .176  35.2  .000 
  In  AV  Group  condition  .153  2  .077  15.4  .000 
    In C Group condition  .002  2  .001  .2  .820 
Error   .179  34  .005     
Group            
  In  Pretest  condition  .042  3  .014  1.167  .331 
  In  Post-test  condition  .620  3  .207  17.250  .000 
  In  Gen-test  condition  .257  3  .086  7.167  .000 
Error   .596  51  .012     
 
AM groups, and the AV and C groups. The results showed that although the AV group 
had higher mean identification scores than the C group after perception and 
production training, these differences were not statistically significant. For the 
generalization test, post hoc (Tukey HSD) multiple comparisons (α < .05) revealed 
significant differences between the A and C groups, and the AM and C groups, but not 113 
 
between the AV and C groups. Moreover, there were no significant differences among 
the A group, AM group, and AV group. These results showed that all the A, AM and 
AV Groups were comparable to the C Group at pretest but only the A group and the 
AM group outperformed the C Group at post test and generalization test in their 
perceptual accuracy of Mandarin tones significantly. Therefore, only the A and AM 
training paradigms were effective in perceptual learning of Mandarin tones. The 
perceptual learning was also generalized to new stimuli produced by a new speaker 
not heard during training. 
Second, a one-way ANOVA with Test as factor (Table 3-4) showed a significant 
difference among the three tests for the trained groups: the A group [f(2,34) = 37, p 
= .000], the AM group [f(2,34) = 35.2, p = .000], and the AV group [f(2,34) = 15.4, p 
= .000]. Conversely, for the C group, no reliable difference was found among the 
three tests [f(2,34) =.2, p = .820]. Post hoc comparison (Tukey HSD) showed that the 
pretest score was significantly lower than that of either the post-test or the 
generalization test. Moreover, there were significant differences between pretest and 
post test and between pretest and generalization test for the A group, the AM group, 
and the AV group, but no difference for the C group. In short, the above results show a 
significant improvement in perceptual accuracy of the Mandarin tones as the result of 
perceptual training for the three training groups.       114 
 
3.9.2 Individual Tones and Tone Pairs 
Table 3-5 displays the raw distributions of trainees’ responses to stimuli in the 
initial and final positions of disyllabic words at pretest and post-test (4 stimuli x 15 
trainees x 4 tone combinations = 240 responses for each tone of disyllabic stimuli). 
The tallies of trainees’ responses by the four stimulus tones indicate that subjects left 
two target Tone 2 syllable stimuli in the final position and one target Tone 3 syllable 
stimulus in the initial position on his/her record sheet unmarked (i.e., 238 out of a 
total of 240 for the target Tone 2, and 239 out of a total of 240 for the target Tone 3) at 
the stage of pretest. Table 3-6 displays what percentage of each tonal diacritic trainees 
used in responding to the tones of the stimulus. For example, to the 240 stimuli with a 
Tone 2 target in the initial position at pretest, trainees responded with level tone in 
15% of all instances, rising tone in 49.6% of all instances, dipping tone in 25.4% of 
all instances, and falling tone in 10% of all instances. The percentage of total incorrect 
responses to the Tone 2 target was 50.4% of all instances (i.e., the sum of 15% with 
level tone, 25.4% with dipping tone, and 10% with falling tone). The “totals” column 
to the extreme right is also of interest because it displays the frequency distribution of 
all the subjects’ responses. At the stage of pretest, trained subjects responded with 
falling tone the most frequently (i.e., in 32% of all instances for di-final stimuli) and 
with rising tone the least (i.e. in 17.6% of all instances for di-final stimuli). At the 115 
 
Table 3-5. The distribution of trainees’ responses on the initial and final syllables of 
disyllabic words at pretest and post-test.   
 
 
Table 3-6. Percents of column totals of trainees’ responses on the initial and final 
syllables of disyllabic words at pretest and post-test.   
Perceived 
as  Test 
Stimulus  
Tone 1  Tone 2  Tone 3  Tone 4  Totals 
Initial Final  Initial Final Initial Final Initial Final  Initial Final
Level 
Pre  79.6 83.3  15  14.2 10  13.3 13.8 5  29.6  29 
Post  91.7  97.1  3.8 0.8 6.7 4.6 4.2 1.3  26.6  25.9
Rising 
Pre  9.2 5.4  49.6 53.3 23.8 7.9  12.9 3.8  23.9  17.6
Post  3.3 1.7  78.3 90.4 6.3 3.3 6.3 0.4  23.5  24 
Dipping 
Pre  4.2 5  25.4 23.3 56.3 47.1 20  9.6  26.5  21.3
Post  1.7 0.4  14.2 8.3  83.8 74.6 10.4 4.6  27.5  22 
Falling 
Pre  7.1 6.3 10 8.3 9.6  31.7 53.3 81.7  20.0  32 
Post  3.3 0.8 3.8 0.4 3.3  17.5 79.2 93.8  22.4  28.1
Totals 
Pre  100 100 100 100 100 100 100 100 100  100
Post  100 100 100 100 100 100 100 100 100  100
% 
incorrect 
Pre  20.5 16.7 50.4 45.8 43.4 52.9 46.7 18.4 40.2  33.4
Post  8.3 2.9  21.8 9.5  16.3 25.4 20.9 6.3  16.8  11 
Perceived 
as  Test 
Stimulus  
Tone 1  Tone 2  Tone 3  Tone 4  Totals 
Initial Final  Initial Final Initial Final Initial Final  Initial Final
Level 
Pre  191  200  36 34 24 32 33 12  284  278
Post  220 233  9  2  16  11  10  3  255  249
Rising 
Pre  22 13  119 128 57 19 31  9 229  169
Post  8 4  188 217 15  8  15  1  226  230
Dipping 
Pre  10 12 61 56  135 113 48 23  254  204
Post  4 1  34  20  201 179 25  11  264  211
Falling 
Pre  17 15 24 20 23 76  128 196  192  307
Post  8 2 9 1 8  42  190 225  215  270
Totals 
Pre  240 240 240 238 239 240 240 240 959 958
Post  240 240 240 240 240 240 240 240 960  960
Number 
of errors 
Pre  49 40  121 110 104 127 112 44  386  321
Post  20  7  52 23 39 61 50 15  161  106116 
 
stage of post-test, trained subjects responded with falling tone the most frequently (i.e., 
in 28.1% of all instances for di-final stimuli) and dipping tone the least (i.e. in 22% of 
all instances for di-final stimuli). Overall, trainees identified tones of final syllables 
more accurately than tones of non-final syllables, except for Tone 3 syllables. 
Trainees identified Tone 3 syllables in non-final positions (56% correct identification) 
better than those in final positions (47% correct identification). In other words, Tone 3 
syllables in non-final positions were easier to distinguish than those in final positions. 
The difficulty in distinguishing Tones 3 and 4 could be attributed to their acoustic 
similarities. Unless affected by tone sandhi (see Cheng, 1973, pp. 46-53; Kratochvil, 
in press), the pitch contour of Tone 3 in the mid position in Modern Standard Chinese 
declarative sentences is generally falling, the same as that of Tone 4. In fact, Tone 3 
syllables in final positions were pronounced as low-dipping without rising (i.e., low 
falling) in the overwhelming majority of cases. In previous studies (Belotel-Grenié & 
Grenié, 1994, 1995) the authors have shown that Tone 3 (low falling) and Tone 4 
(high falling) in Standard Chinese are often produced with a creaky voice phonation 
in isolated syllables. This has made subjects more likely to confuse Tone 3 with Tone 
4 in the final position of disyllabic words. The tendency to respond with falling tone 
to identify Tone 3 stimuli over the two remaining alternatives becomes more 
unequivocal (31.7% at pretest and 17.5% at post-test). The level-Tone 3 (13.3% at 117 
 
pretest and 4.6% at post-test) and rising-Tone 3 (7.9% at pretest and 3.3% at post-test) 
substitutions were much lower than the falling-Tone 3 substitutions at both pretest and 
post test. 
Table 3-7 displays trained subjects’ mean percent correct identification for each 
tone of disyllabic words at pretest and post-test. The table shows that trainees 
identified syllables in the stimuli with Tone 1 and Tone 4 targets more correctly with 
their corresponding diacritics at both pretest and post test. At pretest, trainees’ 
percentage identification scores were 80% for di-initial and 83% for di-final stimuli 
with Tone 1, and 82% for di-final stimuli with Tone 4. At post-test, they were 92% for 
di-initial and 97% for di-final stimuli with Tone 1, and 94% for di-final stimuli with 
Tone 4. On the other hand, the trainees’ identification of Tone 2 and Tone 3 appear 
poorer as compared to that of Tone 1 and Tone 4 at pretest and post-test. Trainees’ 
performance of each individual tone for the di-initial and the di-final stimuli are 
presented in Figure 3-6 and Figure 3-7 respectively, revealing that identification of 
each tone improved significantly from the pretest to the post test. For the di-initial 
stimuli, the difference was 12% improvement for Tone 1 ([F(1,56)=5.452, p=.023]); 
28% for Tone2 ([F(1,56)=30.863, p=.000]); 28% for Tone3 ([F(1,56)=28.238, 
p=.000]); and 26% for Tone 4 ([F(1,56)=24.919, p=.000]). Interestingly, there was 
significant difference among the four tones at pretest ([F(3,112)=9.507, p=.000]), but   118 
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Table 3-7. Trained subjects’ mean percent correct identification for each tone at 
pretest and post-test. Figures drawn from Table 3-6 are rounded off to the nearest 
integer. 
% correct 
responses 
Test
Position Pretest Post  test  Difference 
Tone 1 
Di-Initial  80 92 12 
Di-Final  83 97 14 
Tone 2 
Di-Initial  50 78 28 
Di-Final  53 90 37 
Tone 3 
Di-Initial  56 84 28 
Di-Final  47 75 28 
Tone 4 
Di-Initial  53 79 26 
Di-Final  82 94 12 
     
 
 
 
 
 
 
 
 
 
 
Figure 3-6. Trained subjects’ mean percent correct identification for the di-initial   
stimuli at pretest and post-test.   
 
 
 
 
 
 
 
 
 
 
 
Figure 3-7. Trained subjects’ mean percent correct identification for the di-final 
stimuli at pretest and post-test.   119 
 
no reliable difference was found at post test ([F(3,112), p=1.934]). At pretest, the 
mean differences in identification scores among the four tones were 80%, 50%, 56%, 
and 53% for Tone 1, Tone 2, Tone 3, and Tone 4 respectively. The trainees’ 
identification of Tone 2, Tone 3, and Tone 4 appears poorer as compared to that of 
Tone 1 for the di-initial stimuli. At post-test, the mean differences in identification 
scores among the four tones were 92%, 78%, 84%, and 79% for Tone 1, Tone 2, Tone 
3, and Tone 4 respectively. Thus it appears that the trainees’ identification of Tone 2, 
Tone 3, and Tone 4 improved after training to a large extent. On the other hand, for 
the di-final stimuli (see Figure 3-7), the % difference was 14% improvement for Tone 
1 ([F(1,56)=11.553, p=.001]); 37% for Tone 2 ([F(1,56)=84.033, p=.000]); 28% for 
Tone 3 ([F(1,56)=46.213, p=.000]); and 12% for Tone 4 ([F(1,56)=8.922, p=.004]). 
There was significant difference among the four tones at pretest ([F(3,112)=21.475, 
p=.000]), and post-test ([F(3,112)= 6.011, p=.001]). The mean identification accuracy 
for trainees at pretest among the four tones was 83%, 53%, 47%, and 82% for Tone 1, 
Tone 2, Tone 3, and Tone 4 respectively. The trainees’ identification of Tone 2 and 
Tone 3 appears poorer as compared to that of Tone 1 and Tone 4 for the di-final 
stimuli. At post-test, the mean differences in identification scores among the four 
tones were 97%, 90%, 75%, and 94% for Tone 1, Tone 2, Tone 3, and Tone 4 
respectively. Trainees exhibited a highest increase in the identification of di-final 120 
 
stimuli with Tone 2. The identification scores were 90% at post test, a 37% increase. 
Trainees also demonstrated a large extent of change in identification of Tone 3 (28% 
increase in scores) at post-test. 
Analyses of tone confusions of the di-initial stimuli and the di-final stimuli are 
shown in Figure 3-8 and Figure 3-9 respectively, which compares, for the pretest and 
the post-test, the number of errors the trainees made for each tone out of a total of 240 
(16 stimuli x 15 trainees = 240 responses for each tone) (see Table 3-5 for complete 
pretest and post-test confusion matrices). Tone confusions were examined, summing 
over the errors obtained for each tone pair. For example, the number of errors for tone 
pair 1 and 2 is the sum of misperceptions of both Tone 1 as Tone 2, and Tone 2 as 
Tone 1. For the di-initial stimuli, the tone pair confusion analysis demonstrated 
significant differences among the tone pairs for pretest [F(5,168)=10.509, p=.000], 
but no reliable difference was found among the tone pairs for post-test 
[F(5,168)=1.909, p=.095]. This indicates that the number of errors for each tone pair 
was significantly different to start with, but this difference among the tone pairs 
showed no significance after training. That is, a comparison of the errors made at the 
pretest and post-test shows a reliable decrease of errors for each tone pair. Post hoc 
comparison analyses reveal that at pretest, the most difficult tone pair was Tones 2 
and 3, followed by Tones 3 and 4, Tones 1 and 2, Tones 2 and 4, Tones 1 and 4, and   121 
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Figure 3-8. Tone pair confusions for perception of the di-initial stimuli at pretest and 
post-test, in terms of errors for each tone pair. The number of errors (out of 480) for 
each tone pair refers to misperception of one tone as the other in the corresponding 
pair.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-9. Tone pair confusions for perception of the di-final stimuli at pretest and 
post-test, in terms of errors for each tone pair. The number of errors (out of 480) for 
each tone pair refers to misperception of one tone as the other in the corresponding 
pair. 122 
 
Tones 1 and 3. At post-test, the order of tone pair presentation for the most two 
confusing tone pairs (i.e. tone pair 2 and 3, and tone pair 3 and 4) was not changed. 
More specifically, while all the other tone pairs showed a reliable decrease in errors 
from the pretest to the post-test, the difference between the two tests for Tones 1 and 3 
was not significant [F(1,84)=1.754, p=.189]. The average number of errors decreased 
was 37.5 with a range of 14-69 for the six tone confusion patterns from pretest to 
post-test. The initial difficulty in distinguishing Tones 2 and 3 has been attributed to 
their acoustic similarities because both tones have a rising portion of the pitch 
contours (Chen, 1997; Moore and Jongman, 1997). Studies (Bluhme & Burr, 
1971-1972; Kiriloff, 1969; Miracle, 1989; Shen, 1989) have reported that the 
similarities in the contours of some tones (e.g., Tones 2 and 3) increase perceptual 
difficulties for non-native learners. Nevertheless, tone pair 2 and 3 was improved 
greatly after training. The number of errors decreased from 118 to 49 (69 decrease in 
errors) from pretest to post-test. On the contrary, tone pair 1 and 3 was most resistant 
to improvement. Training effects were much smaller for this tone pair, only 14 
decrease (from 34 to 20) in errors from pretest to post-test. The rank order of the tone 
pairs at pretest and post-test for the di-initial stimuli was not highly correlated 
(Spearman r = 0.6, p=.208), which indicates that the pattern of tone confusion before 
and after training is not to a large extent comparable. As for the di-final stimuli, the 123 
 
tone pair confusion analysis demonstrated significant differences among the tone pairs 
for both tests (pretest: [F(5,168)=13.430, p=.000], and post-test: [F(5,168)=6.527, 
p=.000]). Post hoc comparison analyses reveal that at pretest, the most difficult tone 
pair was Tones 3 and 4, followed by Tones 2 and 3, Tones 1 and 2, Tones 1 and 3, 
Tones 2 and 4, and Tones 1 and 4. At post-test, the order of tone pair presentation for 
the most two confusing tone pairs (i.e. tone pair 3 and 4, and tone pair 2 and 3) was 
not changed. However, as compared to tone confusion of the di-initial stimuli, the 
order of the most two confusing tone pairs was reversed for the di-final stimuli. 
Trainees were more likely to confuse Tone 3 with Tone 4 in the final position of 
disyllabic words. Tone pair 2 and 3 became the second most confusing pair next to 
tone pair 3 and 4. More specifically, all the tone pairs showed a reliable decrease in 
errors from the pretest to the post-test. The average number of errors decreased was 
35.8 with a range of 22-47 for the six tone confusion patterns from pretest to post-test. 
The errors decreased to the number of 6, 12, 2, and 5 at post-test for Tones 1 and 2, 
Tones 1 and 3, Tones 2 and 4, and Tones 1 and 4 respectively. Thus it appears that the 
six tone pairs improved greatly after training. Moreover, the rank order of the tone 
pairs at pretest and post-test for the di-final stimuli was highly correlated (Spearman r 
= 0.886, p=.019), which indicates that the pattern of tone confusion before and after 
training is to a large extent comparable. 124 
 
3.9.3 Performance during Training 
The analysis of the training progress (Table 3-8) showed that the time each 
training group spent on a particular training set did not differ much. The average time 
the groups spent on the training sets 1, 2, 3, and 4 was 101, 82, 72, 65 minutes 
respectively. The average correct % scores the groups gained in the training sets 1, 2, 
3, and 4 was 70%, 80%, 84%, and 89% respectively. The trainees spent the most time 
in the first training set but the least time in the fourth training set. On the contrary, 
trainees gained the lowest scores in the first training set but the highest scores in the 
fourth training set. Overall, the AM group had the highest increase of 22% in scores, a 
17% increase for the A group, and a 16% increase for the AV group from training set 1 
to training set 4. On the other hand, while the presentation of the four blocks during 
the training was ordered from easiest to most difficult, the average correct % scores 
the groups gained in the four blocks in each training set also showed an effect of the 
increase in difficulty. Although trainees did not spend more time on Block 4 with 
Tone2-Tone2, Tone3-Tone2, Tone2-Tone3, and Tone3-Tone3 contrasts, these tone 
combinations appeared to be more resistant to learning than the other tone pairs. The 
average correct % the groups gained in Block 4 was 61%, 65%, 74%, and 80% in 
scores from training set 1 to training set 4 respectively. The scores gained in Block 4 
were comparably lower than those in the other blocks. In contrast, trainees did not   125 
 
Table 3-8. The average time (minutes) completed and correct percentage scores each 
training group took for each training set. “G” means the training group. “S” means the 
particular speaker trainees practiced on. The number under “S” item means the 
particular speaker training groups practiced on. 
 
First Set  Block 1  Block 2  Block 3  Block 4  Blocks 1-4 
 G   S 
Total 
time 
Mean% 
correct 
Total 
time 
Mean% 
correct
Total 
time
Mean% 
correct
Total 
time
Mean%  
correct 
Total 
time 
Mean % 
correct
A  1&3  20 86 24 61 25 64 24 61 93 68 
AM  1&3  21 88 27 72 25 69 28 70  101 74 
AV  1    34 92 25 71 30 62 20 52  109 69 
Mean  26 89 25 68 27 65 24 61  101 70 
Second Set 
A  2&4  14 93 18 74 19 74 20 60 71 75 
AM  2&4  19 96 26 89 23 87 28 73 96 86 
AV  3    20 97 19 85 19 72 20 61 78 79 
Mean  18 95 21 83 20 78 23 65 82 80 
Third Set 
A  1&3  15 93 18 80 19 76 19 73 71 81 
AM  1&3  14 99 22 92 21 89 20 89 77 92 
AV  2    16 99 16 86 19 73 15 61 66 80 
Mean 15 97 19 86 20 79 18 74 72 84 
Fourth Set 
A  2&4  14 97 17 83 18 84 20 77 69 85 
AM  2&4  14 98 18 98 15 96 18 93 65 96 
AV  4    18 98 14 88 18 84 13 69 62 85 
Mean 15 98 16 90 17 88 17 80 65 89 
 
demonstrate perceptual problems with Block 1 including Tone1-Tone1, Tone1-Tone4, 
Tone4-Tone1, and Tone4-Tone4 contrasts during training. The average correct % 
gained in Block 1 was 89%, 95%, 97%, and 98% in scores from training set 1 to 
training set 4 respectively. Trainees also showed an increase in the average correct % 
scores in Blocks 2 and 3 from training set 1 to training set 4. 126 
 
The correct identification scores of the four training sets (also see Table 3-8) 
were analyzed as a function of training set and as a function of group. The overall 
results were analyzed using a two-way repeated measures ANOVA with Group (A, 
AM, AV) as between subject factor and Training Set (1, 2, 3, 4) as within subject 
factor. Trainees’ performance from training set 1 to training set 4 was significantly 
different [F(1.983, 23.793) = 33.373, p = .000]. The trainees’ scores were not very 
high after the first training set (70% correct identification). In the following three 
training sets, the trainees’ % identification scores increased (80%, 84%, and 89% for 
the training sets 2, 3, and 4 respectively), revealing progressive improvement as 
training went along. The increased identification scores after the four training sets 
might be attributed to the fact that trainees in the three groups concentrated on the 
training process by learning from the feedback of their stimulus responses and thus 
improved their perceptual accuracy of tone contrasts in each training session. 
Although the higher accuracy might be attributed to the fact that trainees were tested 
on the same stimuli that were used repeatedly in each training session, a progressive 
improvement may not necessarily be expected since each session represented a 
different speaker.   
No reliable difference as a function of group was observed [F(2, 23.793) = 2.113, 
p = .164], nor was there any significant Group x Set interaction [F(3.966, 23.793) 127 
 
=.785, p = .545]. To further investigate these effects, a one-way ANOVA with 
Training Set as factor showed that significant differences among the four training sets 
for the trained groups: the A group [F(3, 23.793) = 6.5, p = .002], the AM group 
[F(1.362, 23.793) = 24, p = .000], and the AV group [F(3, 23.793) = 4.75, p = .010]. 
Post hoc comparison (Tukey HSD) showed that trainees’ identification scores in the 
first training set were significantly lower than that of the other three sets. There were 
significant differences among the four training sets for the AM group, revealing 
progressive improvement as training went along. For the A group, the trainees’ 
performance from training set 1 to training set 3 was significantly different, but no 
difference from training set 3 to training set 4. For the AV group, there were 
significant differences between training set 1 and training set 4, and between training 
set 2 and training set 4, revealing that the improvement during training was not 
progressive. In sum, the training on the whole would have a certain effect on the 
trainees regardless of the training groups they joined in the process. Detailed 
information of each trainee’s performance on each training set will be reported in 
Tables 3-9 ~ 3-12.   
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Table 3-9. The average time (minutes) completed and correct percentage scores each 
trainee took for each block in the first training set. “S” means the particular speaker 
trainees practiced on.   
First Training Set 
  Block 1  Block 2  Block 3  Block 4  Blocks 1-4 
Trainees 
Total 
time 
%  
correct 
Total 
time 
%  
correct
Total 
time
%  
correct
Total 
time
%  
correct 
Total 
time 
Mean % 
correct
A01-S1    11 83 10 68 12 65 11 60 44  69  
A03-S1    6 80 7 45 7 50 9 35  29  53  
A04-S1  7 98 8 85  10  88  10  80  35  88  
A05-S1  10 75 15 38 11 55 13 48 49  54  
A06-S1  19 83 19 40 22 48 17 68 77  60  
Mean  11 84 12 55 12 61 12 58 47  65  
A01-S3    7 93 9 83  13  85  14  55  43 79 
A03-S3    8  88 12 43 11 48 11 40 42 55 
A04-S3  8 95 9 95  10  95  10  90  37 94 
A05-S3  8  80 13 53 13 48 12 68 46 62 
A06-S3  13 83 16 58 18 58 13 63 60 66 
Mean  9  88 12 66 13 67 12 63 46 71 
AM01-S1  11 83 16 63 15 38 13 58 55  61  
AM02-S1  10  70 9 55 9 48  10  55  38  57  
AM03-S1  8 95 7 93 8 93  10  85  33  92  
AM04-S1 
15 
*7 
88 
*100 
27 75 16 78 23 65 88  78  
AM06-S1  8  93 16 63 15 53 18 68 57  69  
Mean  12 87 15 70 13 62 15 66 55  71  
AM01-S3  9 80  11  80  10  53 8 63  38 69 
AM02-S3  8 78 9 78  10  75  10  63  37 74 
AM03-S3  8  95 12 78 11 78 15 78 46 82 
AM04-S3  12 90 17 70 15 90 17 85 61 84 
AM06-S3  9  98 13 60 14 78 15 78 51 79 
Mean  9  88 12 73 12 75 13 73 46 77 
AV01-S1  31 88 21 70 21 48 19 38 92 61 
AV02-S1  39 95 28 58 30 43 23 30  120 57 
AV04-S1  38 90 30 73 46 58 24 58  138 70 
AV05-S1  41 90 29 65 32 65 18 55  120 69 
AV06-S1  23 95 14 90 21 98 15 80 73 91 
Mean 34 92 25 71 30 62 20 52  109 69 
* means that the subject redid this block   129 
 
Table 3-10. The average time (minutes) completed and correct percentage scores each 
trainee took for each block in the second training set. “S” means the particular speaker 
trainees practiced on.   
 
Second Training Set 
  Block 1  Block 2  Block 3  Block 4  Blocks 1-4 
Trainees 
Total 
time 
%  
correct 
Total 
time 
%  
correct
Total 
time
%  
correct
Total 
time
%  
correct 
Total 
time 
Mean % 
correct
A01-S2    6 95 6 95 8 90 9 55  28 84 
A03-S2    6 98 9 48 8 45  11  48  34 59 
A04-S2  7 98 9 83 8 90  10  90  34 90 
A05-S2  8 90 9 50 9 65 8 43  33 62 
A06-S2  11 95 13 58 19 73 14 53 57 69 
Mean 7  95  9  67 10 73 10 58 36 73 
A01-S4  6 93 8  100  8 90  11  63  34 86 
A03-S4  9  88 12 53 10 53 11 40 42 58 
A04-S4  7 95 6 98 6 90 7 93  26 94 
A05-S4  7  90 10 75 10 63 11 53 38 70 
A06-S4  8  88 10 73 10 78 12 55 39 73 
Mean 7 91 9 80 9 75  10  61  35 76 
AM01-S2  8  100  8 95 9 93 9 60  33 87 
AM02-S2  15 83 20 78 18 78  7  70 59 77 
AM03-S2  6 100  15 90 10 85 11 60 42 84 
AM04-S2  15 95 23 90 21 83 24 75 83 86 
AM06-S2  9  98 13 80 15 70 16 75 52 81 
Mean 10 95 16 87 14 82 13 68 53 83 
AM01-S4  16  90 8 98 6 98  31  65  61 88 
AM02-S4  7 98 8 93 6 98 6 88  27 94 
AM03-S4  8 100  11 98 11 98 17 88 47 96 
AM04-S4  8  95 11 80 10 90 10 78 40 86 
AM06-S4  7  95 11 85 10 78 12 73 40 83 
Mean 9  96 10 91  9  92 15 78 43 89 
AV01-S3  15 95 18 88 15 63 16 75 63 80 
AV02-S3  29 98 29 80 26 65 32 53  116 74 
AV04-S3  13 95 15 75 16 65 16 48 60 71 
AV05-S3  20 95 14 98 21 90 19 58 75 85 
AV06-S3  24  100  18 85 18 75 13 73 72 83 
Mean 20 97 19 85 19 72 20 61 78 79 
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Table 3-11. The average time (minutes) completed and correct percentage scores each 
trainee took for each block in the third training set. “S” means the particular speaker 
trainees practiced on. 
 
Third Training Set 
  Block 1  Block 2  Block 3  Block 4  Blocks 1-4 
Trainees 
Total 
time 
%  
correct 
Total 
time 
%  
correct
Total 
time
%  
correct
Total 
time
%  
correct 
Total 
time 
Mean % 
correct
A01-S1   7 95 6  100  6 98 8 70  27 91 
A03-S1   6 88 9 50 8 50  13  48  37 59 
A04-S1  6 98 6 95 6 95 6 93  24 95 
A05-S1  7 83 9 65 9 70 7 73  32 73 
A06-S1  9  93 10 83 11 83 10 68 41 81 
Mean  7 91 8 79 8 79 9 70  32 80 
A01-S3   6 100 9  98 17 88 11 83 44 92 
A03-S3   10 93 13 60 12 53 12 50 47 64 
A04-S3  5  100  7 98 6 93 6 95  25 96 
A05-S3  7  90 12 68 10 50 10 78 39 71 
A06-S3  10 93 11 83 11 78 12 73 43 81 
Mean  8  95 10 81 11 72 10 76 39 81 
AM01-S1  9  95 12 88 14 80 16 68 51 83 
AM02-S1  5 93 7 93 7 78 6 88  25 88 
AM03-S1  6 100 7  98  6 100 7  80 26 94 
AM04-S1  7 100  14 85 12 90 12 90 45 91 
AM06-S1  8 100  12 88 14 85 13 95 47 92 
Mean 7  98 10 90 11 87 11 84 39 90 
AM01-S3  6 98 7 95 9 95 7 95  29 96 
AM02-S3  6  100  9 98 9 93 6 93  29 96 
AM03-S3  7 100 9  98  8  93 12 93 36 96 
AM04-S3  7 98  20  85 8 88 6 90  41 90 
AM06-S3  8 100  12 93 16 83 12 95 48 93 
Mean 7  99 12 94 10 90  9  93 38 94 
AV01-S2  16  100  17 93 26 75 12 58 71 81 
AV02-S2  21 93 23 83 23 55 19 45 86 69 
AV04-S2  13  100  13 78 17 70 15 70 59 79 
AV05-S2  17  100  12 98 14 93 13 75 55 91 
AV06-S2  15  100  15 80 14 70 17 58 61 77 
Mean 16 99 16 86 19 73 15 61 66 80 
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Table 3-12. The average time (minutes) completed and correct percentage scores each 
trainee took for each block in the fourth training set. “S” means the particular speaker 
trainees practiced on. 
Fourth Training Set 
  Block 1  Block 2  Block 3  Block 4  Blocks 1-4 
Trainees 
Total 
time 
%  
correct 
Total 
time 
%  
correct
Total 
time
%  
correct
Total 
time
%  
correct 
Total 
time 
Mean % 
correct
A01-S2    5 100 5 100 5  98  7  75 22 93 
A03-S2    5 95  12  58 9 55 9 53  36 65 
A04-S2  6  100  5 95 5 93 7 93  23 95 
A05-S2  7 90 8 58 8 70 5 83  28 75 
A06-S2  12  95 9 80  15  93  11  60  47 82 
Mean 7 96 8 78 9 82 8 73  32 82 
A01-S4  6 100 9 100 8 100 
11 
*5 
80 
*82 
39 95 
A03-S4  7  95 10 83 11 73 12 70 40 80 
A04-S4  6  100  7 98 7 93 9 98  30 97 
A05-S4  6 98 9 68 8 65 9 70  32 75 
A06-S4  8  98 10 90  9  95 13 83 40 91 
Mean 7 98 9 88 9 85  12  80  37 88 
AM01-S2  8 100  12  100 8  98 15 78 42 94 
AM02-S2  10  98 6  100  6 95 7 85  29 94 
AM03-S2  6 100 9 100 8  95 12 98 34 98 
AM04-S2  5 98 7 88 8 93 7 98  26 94 
AM06-S2  7 100  14 90 12 88  9  93 42 93 
Mean 7  99 10 96  8  94 10 90 35 95 
AM01-S4  11 93 10  100 9 100  12 98 42 98 
AM02-S4  6  95  5 100 5 100 5  95 21 98 
AM03-S4  5 100 5 100 6  98  6  98 21 99 
AM04-S4  7 98 6 95 6  100  6 95  25 97 
AM06-S4  7 100  11 98 10 93 10 90 37 95 
Mean 7 97 8 99 7 98 8 95  30 97 
AV01-S4  19  100  16 93 18 68 15 73 68 83 
AV02-S4  14 98 12 83 14 65 12 63 52 77 
AV04-S4  26  100  14 78 23 83 13 70 75 83 
AV05-S4  17 98 13 95 13 98 13 63 56 88 
AV06-S4  14 98 17 95 20 93 16 80 67 91 
Mean 18 98 14 88 18 84 13 69 62 85 
* means that the subject redid this block   132 
 
3.9.4 Individual Participants  
    Each participant’s identification scores at pretest, post-test, and generalization 
test, and the differences among the three tests are presented in Table 3-13. 
Considerable individual differences were observed among the trainees but not among 
the controls. Across all fifteen trainees in the three training groups, percent 
identification accuracy improved on average 34% (ranging from 17% to 52%) from 
pretest to post-test. It should also be noted that there is a large degree of variability 
among the fifteen trainees’ initial accuracy levels (ranging from 27% to 61%), which 
seems to be reflected the extent of the training effects. The trainee with a lower initial 
score (e.g., trainee A06: 42%) showed substantial improvement (52% increase) in the 
post-test and 94% in scores was one of the highest scores among the trainees. On the 
other hand, training effects were much smaller (23% increase) for the one who started 
with approximately the same initial level (e.g., A03 and AV06: 41% at pretest). A 
closer inspection of the data of trainee A04 showed that in her pretest, all the four 
trials of Tone3-Tone3 combinations were perceived as Tone2-Tone3 combinations. 
Since her problem was limited to tone sandhi phenomenon, improvement may have 
been easier after training (94% at post-test with 33% increase). Nevertheless, the tone 
sandhi phenomenon did not necessarily result in trainees’ misperception of Tone 
3-Tone 3 as Tone 2-Tone 3 combinations. Only 27% of trainees’ errors were due to   133 
 
Table 3-13. Individual participants’ tone identification accuracy (%) at pretest, 
post-test, and generalization test.     
 
Trained Participants 
Trained Pretest Post-test  Difference  Generalization
A01  45   81   +36   81  
A03  41   64   +23   50  
A04  61   94   +33   84  
A05  31   78   +47   61  
A06  42   94   +52   61  
Mean  44  82   +38   68  
AM01  34   70   +36   61  
AM02  58   92   +34   64  
AM03  59   92   +33   91  
AM04  52   88   +36   77  
AM06  39   86   +47   63  
Mean  48   86   +38   71  
AV01  30   47   +17   44  
AV02  27   55   +28   61  
AV04  44   73   +29   48  
AV05  36   59   +23   50  
AV06  41   64   +23   61  
Mean  36   60   +24   53  
 
 
Control Participants 
Control Pretest Post-test  Difference  Generalization
C01  30   27   -3   42  
C02  47   47   0   50  
C03  50   61   +11   36  
C04  44   50   +6   55  
C05  45   55   +9   50  
C06  36   27   -9   33  
Mean  42   44   +2   44  
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misperception of Tone 3-Tone 3 as Tone 2-Tone 3 combinations. 
Although trainees in the A and AM groups outperformed those in the AV group at 
post test, for some trainees in the A and AM groups, perceptual learning did not 
appear to be general. For example, A03’s post test scores were much lower than 
average (only 64% at post test). As the self-paced nature of this training experiment 
was aimed at meeting each trainee’s needs, the amount of training varied considerably, 
and the differences in the identification scores during training might be related to the 
individual differences in learning. As seen in Tables 3-9 ~ 3-12, the average 
identification scores A03 took for each block in the four training sets were much 
lower than those of the other trainees. Upon closer inspection, she did not replay a 
certain problematic block as demonstrated with percentage scores at the end of each 
block and moved on to the next one. For A03, the perceptual learning did not appear 
to be general and consistent. For another trainee, AM03, his pretest performance was 
above average (59% at pretest). One of the causes of the lower increase in his 
identification scores at post test (92% at post-test with 33% increase) may be a ceiling 
effect when there was not sufficient room for improvement. In contrast, AV04 who 
had a significant increase of 29% from pretest to post test, but the effect of training in 
the AV group was not comparable to that in the A and AM groups.   
Finally, the generalization test shows that for each of the fifteen trainees, the 135 
 
improvement gained from training was generalized to the novel stimuli produced by a 
novel speaker. In particular, the training effect does indeed appear robust. Trainees in 
the three training groups showed improvement (24% for the A group, 23% for the AM 
group, and 17% for the AV group) in the generalization test, but little improvement 
(2%) for the control group. Given that all participants were taking a Mandarin course 
during the time of training, three of the controlled subjects exhibited improvement at 
post-test (C03: 11% increase, C04: 6% increase, C05: 9% increase). Nevertheless, the 
increase was incomparable to that of the trained subjects.   
Summing up, this chapter reported evidence that perceptual training appeared to 
be effective in improving trainees’ perception of Mandarin disyllabic tones. Revisiting 
the four research questions raised earlier, the data provide positive answer to question 
1 which asked whether the trainees would improve their perceptual accuracy of 
Mandarin tones after taking either perceptual training only or perceptual with 
production training. The three training groups improved significantly from pretest to 
post-test in perceptual accuracy of Mandarin tones as compared with the control 
group receiving no training. In addition, perceptual learning was generalized to new 
stimuli produced by a new speaker not heard in the training. With regard to the 
advantages of the three training procedures, which answer research question 3, the 
analysis of the training logs showed that trainees who received perceptual training 136 
 
(the A and AM groups) completed two speakers’ 320 training stimuli in each training 
set (about two hours) while those who received perceptual with production training 
(the AV group) completed one speaker’s 160 training stimuli during approximately the 
same time frame. The auditory training only (the A and AM feedback training) 
paradigm appears to have the advantage of greater stimulation in each training set 
which allows for playing back much more training stimuli within the same amount of 
training time than the perceptual and production training (the AV feedback training). 
The data suggest that perceptual training only is more beneficial and effective than 
perceptual and production training in the perception of Mandarin tones. The findings 
reported here also provide evidence of the interaction between tone and position in the 
perception of tones, which answers research question 4, the analysis of the percent 
correct identification scores for the di-initial and di-final stimuli showed that trainees 
tended to identify the tones in the final positions of disyllabic words better than in the 
non-final positions. That is, subjects identified tones more accurately in the final 
syllables that receive primary stress than those do not, since longer duration in the 
final syllable makes the full contour to be realized.   
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CHAPTER 4 
Effect of Perceptual and Production Learning on Production 
 
4.1 Introduction 
    One of the goals of the current study is to examine whether the perception with 
production training will result in better learning outcomes in production accuracy than 
the perceptual training only. This chapter reports the results of the evaluation 
procedure – an intelligibility test – that is carried out to assess the effect of either the 
perceptual training or the perception with production training on non-tonal subjects’ 
productions of Mandarin disyllabic words under investigation.   
In the intelligibility task, the trained and control groups’ productions of disyllabic 
stimuli at pretest and post-test will be presented to two phonetically trained native 
Mandarin listeners for identification. Since the focus of this study is on whether 
learners can make consistent distinctions among the four tones in production and not 
on how they actually achieve such distinctions in the articulatory sense, learners’ 
productions were assessed primarily by their phonemic, not phonetic, characteristics. 
All of the tone productions elicited from the subjects of the study were assigned a 
phonemic category in forced choice intelligibility tasks. The purpose of the 138 
 
intelligibility task is to directly assess any perceptible increase in intelligibility of 
trainees’ tone productions at post-test and to test the generalization of the production 
gains. Because the trainees in the A Group and AM Group received perceptual 
training only, any significant increase in intelligibility scores in production at post-test 
and generalization test seen with the trained but not the control group can be viewed 
as a result of perceptual learning being transferred to production domain.   
This chapter also aims to address the issue of whether non-tonal learners know 
how to make consistent, phonemically-relevant distinctions among the four tones in 
production after the perceptual training (the A group and AM group) and perception 
with production training (the AV group). Language learners’ productions are known to 
vary significantly by task (Ellis, 1994, pp. 138-140). Thus, how a research question is 
answered is determined in part by the kind of data an investigator has collected. For 
this investigation on non-tonal speakers’ productions of tones after training, three 
types of tasks were employed to elicit oral data: repetition, reading, and translation.     
In Chapter 3, the results of perceptual tests suggest that only the A and AM 
training paradigms were effective in perceptual learning of Mandarin tones but not for 
the AV group because there was no significant difference between the AV group and 
the control group. Based on the results in the perception tests, it is predicted that the 
trainees from the AV group may not have higher mean production scores than those 139 
 
from the A and AM groups at both post-test and generalization test. Although the AV 
group underwent the perception and production training, this training mode would not 
result in better learning outcomes in production accuracy than the perception training 
only paradigm for the A group and AM group. The four specific research questions to 
be addressed in this chapter are:   
1.   Will the perceptual training or the perception with production training of 
Mandarin tones be transferred to the production domain?   
2.      Will the perception with production training result in better learning outcomes in 
production accuracy than the perception training only?     
3.  Will perceptual and production learning on production resulting from the three 
training paradigms be generalized to new words? 
4.   To what extent will trainees improve their production accuracy of tones in the 
final and non-final positions of disyllabic words in terms of increased 
intelligibility scores in production after training? What is the effect for position 
and what is the interaction between tone and position in the production of 
tones? 
4.2 Three Types of Production Tasks at Post-test 
    Data elicited from each of the three tasks employed in this study are intended to 
draw a different picture of a learner’s tonal production. The repetition task (REPT) 140 
 
was meant to elicit tokens of speech that would be similar to those elicited in a 
language laboratory or classroom exercise where the learner is instructed to repeat 
isolated words uttered by a native speaker. The REPT does not necessarily require the 
learner to have a tonal phonology per se since it engages only the short-term memory 
and simply asks the learner to imitate. Theoretically, any well-hearing adult can 
perform the task with little or no training. The reading aloud task (RDGT) was meant 
to elicit tokens of speech that would be similar to those elicited in the classroom or in 
private where the learner reads isolated words out loud from a phonemic category.   
The RDGT does require the learner to engage his/her long-term memory in so far that 
the learner must access it in order to interpret the tonal diacritic printed over each 
syllable of a word. Nevertheless, the learner could possibly created ad hoc realizations 
of each of the four tonal diacritics and still not possess a tonal phonology per se. The 
oral translation task (TRAT) was meant to elicit tokens of speech that would be 
similar to those elicited in contexts where the learner has to rely on his/her long-term 
memory in assigning tones to syllables. The TRAT overcomes the shortcomings of the 
first two elicitation techniques by providing no acoustic or visual cue as to the tone a 
particular syllable should take and encourages the learner to depend on his/her 
long-term memory and existing tonal phonology to realize a syllable in a particular 
tone. The problem with this elicitation technique alone would be that the researcher 141 
 
would not know whether the learner has a problem with phonetically realizing 
syllables with such tones or with remembering syllables of words with such tones. 
The data from each of the three elicitation techniques employed in this investigation 
are, therefore, intended to complement each other.   
4.3 Method 
4.3.1 Participants 
    Both the trained and control groups took the production tests at post-test and 
generalization test. Two native speakers of Mandarin Chinese (one male and one 
female) with no reported speech or hearing impairments participated as judges had to 
identify the trainees’ and controls’ productions in a forced choice task. They were all 
raised and educated in Taiwan, and were familiar with the Pinyin system and the tonal 
diacritics which were used in this study. The listeners had to identify the two tones of 
each isolated disyllabic word presented one by one by matching it with one of the four 
tones  and  a  “none”  category.       
4.3.2 Content and Administration of Production Tasks 
    At perceptual pretest, post test, and generalization test phases, each trainee and 
control provided production data by reading a list of 64 disyllabic real Mandarin 
words presented in Pinyin with tonal diacritics (see Appendices 4 and 6). Added to 
that, all the participants were to perform two more production tasks – the Repetition 142 
 
Task (REPT) and the Oral Translation Task (TRAT) – at post test phase. The 64 
disyllabic stimuli used in the production tests at pretest and post test were the same in 
the perceptual test. In order to test the generalization of the production gains, the 64 
disyllabic stimuli used in the generalization test did not appear either in the perceptual 
test or in the perceptual training. These words resemble a variety of syllable structures 
of Mandarin.   
    At each phase of data collection, the production tasks were administered to 
subjects individually. The recordings at pretest were made immediately before the 
perceptual tasks. Similarly, after two weeks at post test and generalization test phases, 
the production tasks were performed immediately before the perceptual tests. Each 
subject met with the experimenter for about 5-10 minutes for the recordings at the 
pretest. At the post test and generalization test phases, each subject met with the 
experimenter for a one-hour-long session of recording and identification tasks. During 
the recording period, the REPT was administered first, then the TRAT, and the RDGT 
at the post test phase, and finally the reading of a list of 64 new disyllabic words at the 
generalization  test  phase.     
The subjects had already learned all Mandarin vowels and consonants as well as 
the Pinyin system by the time of the study. Still, before recording, subjects were 
presented with oral directions of the production tasks and instructed to read at normal 143 
 
speed and to correct any errors by repeating the same syllables at any time during the 
recording. The utterance subjects made in performance of all production tasks were 
recorded on a PC computer using GoldWave software through an external microphone 
in the language lab. The recordings were digitized at a sampling rate of 22050 Hz 
with 16-bit resolution, normalized for peak amplitude and saved as sound files for 
presentation. Each trainee and control produced 320 disyllabic syllables (64 stimuli at 
pretest, 64 x 3 stimuli in the three tasks at post test, and 64 stimuli at generalization 
test), yielding a total of 6720 testing tokens (21 speakers x 320 stimuli).   
4.3.2.1 The Reading Aloud Task (RDGT) 
    For performance of the reading aloud task at the pretest, post test, and 
generalization test phases, the procedure at different phases was the same. Subjects 
were presented with a list of 64 disyllabic real Mandarin words on a sheet of paper in 
Pinyin with tonal diacritics to read out loud. The words they read aloud were the same 
as those employed in the perceptual tests. Subjects began the task by familiarizing 
themselves with the words on the list and then holding the word list behind the 
microphone so as not to jeopardize the quality of their recording. After ascertaining to 
the experimenter that they were clear about what they had to do, subjects performed 
the task by reading a word aloud at their own pace. The recording took about 5 
minutes to complete for each task at the pretest, post test, and generalization test 144 
 
phases.    
As for the two more production tasks administered at the post test, the particular 
contents of the Repetition Task (REPT) and the Oral Translation Task (TRAT) and the 
specific procedures are described in further detail below.   
4.3.2.2 The Repetition Task (REPT)  
The design of the REPT is based on the perceptual test at pretest. In performing 
the REPT, the subjects simply responded by repeating each stimulus out loud. After 
knowing the instructions to the task and ascertaining to the experimenter that they 
were clear about what they had to do, subjects heard the same eight-minute long 
stimulus sound file used in the perceptual test played back on a PC computer over 
headphones, except that the stimuli were re-randomized in the REPT. The disyllabic 
stimuli were delivered at a rate of one per four seconds. While performing the REPT, 
subjects were not presented with any visual evidence of the syllables and the tones of 
the stimuli.   
4.3.2.3 The Oral Translation Task (TRAT) 
    For the TRAT, subjects were presented with a small loose-leaf folder consisting 
of all the English equivalents of the 64 words used as stimuli in the perceptual test. 
One English equivalent of each stimulus was written on the half-fold A4 size paper 
(21 x 14.5 cm). The Mandarin word in Chinese characters of this stimulus and Pinyin 145 
 
without tonal diacritics was written on the back of the paper. The subject was 
instructed to hold the folder behind the microphone and to begin by opening to the 
first paper. He/she would then look at the English word on the paper one at a time and 
orally produce a Mandarin translation of the particular word. If a subject could not at 
the moment recall the Mandarin word of interest but thought that he/she knew it, then 
the subject would look at the back of the paper for a rendering of the Mandarin word 
and Pinyin without tonal diacritics. If this process helped the subject recall the word, 
the subject would then produce it aloud. For the duration of this task, the experiment 
at times had to request the subject to repeat a word not spoken clearly or to produce 
an alternative to the English translation offered. Since the performance of this task 
was self-paced, it took a subject from five to twenty minutes to complete.             
4.4 Mandarin Listeners’ Perceptual Judgments 
    The lexical tones each subject recorded during performance of the production 
tasks were played back and judged by two native listeners of Mandarin Chinese. A 
total of 6720 stimuli were divided by the speakers and the tasks, producing 
twenty-one testing blocks of 64 stimuli each for the five production tasks. Individual 
identification tasks were performed in a quiet room on a PC computer. The two judges 
completed the identification tasks in several listening sessions held over a period of 
three weeks. In order to reduce the possibility of fatigue, the judges were asked to 146 
 
carry out the tasks on different days. They were provided with professional 
headphones and were given a very short training prior to the beginning of the actual 
task. 
    Answer sheets were provided to the judges containing the 64 stimuli of a 
particular task for each of the speaker, written in Pinyin with no tonal diacritics. The 
judges were instructed to record the tones of the words they heard the subject uttered 
with tonal diacritics, or to write “none” if they decided what they heard did not 
correspond to any of the four tones. Thus, the identification tasks resulted in a total of 
640 observations for each of the 21 speakers (2 judges x 320 stimuli).   
    The same method used in computing subjects’ scores for the perceptual test was 
employed in computing their scores on each of the five production tasks. The results 
were analyzed by calculating the percentage correct identification of the 64 stimuli by 
each judge on the five production tasks. The test data were then collected by the 
judges for subsequent analysis.   
4.5 Results  
To access inter-listener variability, Pearson correlation tests were performed on 
the two listeners’ percentage correct identification scores of the 21 speakers’ 
productions. These tests revealed acceptable level of correlation between the two 
Mandarin judges’ identification scores for the pretest (r = .948), the Repetition Task (r 147 
 
= .845), the Oral Translation Task (r = .992), and the Reading Aloud Task (r = .977) 
for the post test, and for the generalization test (r = .978). Therefore, the two listeners’ 
identification scores were averaged for analysis. Figure 4-1 presents the mean 
percentage correct production scores of the A, AM, AV, and C Groups at pretest, 
post-test (Task 3: Reading Aloud), and generalization test as judged by the two native 
Mandarin listeners. It should be noted that in the identification task, the judges could 
also categorize the trainees’ productions as being none of the four tones. However, the 
results reveal that this category constitutes only a small proportion  (0.1%) of  the 
pretest and post-test judgments, indicating that for most of the cases, the trainees’ 
productions were judged as one of the four Mandarin tones. 
4.5.1 Overall Improvement and Generalization  
    The mean percent correct production scores for the four groups at pretest, post 
test, and generalization test are displayed in Figure 4-1. Overall, the A group showed 
an improvement of 27 percent points, from 53% at pretest to 80% at post-test, and to 
77% at generalization test. For the AM group, the increase was 16 percent points, 
from 64% at pretest to 80% at post-test, and to 76% at generalization test. The AV 
group exhibited an improvement of 17 percent points, from 46% at pretest to 63% at 
post-test, and to 64% at generalization test. This indicates the trainees’ substantial 
improvement not only occurred on the stimuli used in perceptual training (27%, 16%   148 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-1. Mean percent correct production scores of the Mandarin tones and 
standard errors for A group, AM group, AV group, and C group at pretest, post test 
(Task 3: the Reading Aloud Task), and generalization test. 
 
and 17% increase for the A group, AM group and AV group respectively), but was 
also generalized to new stimuli that were not included in the perceptual training (24%, 
12% and 18% increase for the A group, AM group and AV group respectively). In 
contrast, although the control listeners started at approximately the same level as the 
trainees in the three groups in the pretest (59% correct identification), they exhibited 
little improvement in the two post-tests (65% in the post-test, and 68% in the 
generalization test). The lack of substantial improvement for the controls occurred 
both for the stimuli included in the perceptual training (6% change) and also for the 
new stimuli (9% change). 
A two-way repeated measures ANOVA with Group (A, AM, AV, C) as between 
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subject factor and Test (pre, post, generalization) as within subject factor revealed a 
significant effect of Test [F(1.367, 23.234) = 24.365, p = .000] but no effect of  
Group [F(3, 23.234) = 1.044, p = .398]. There was no Test x Group interaction [F(4.1, 
23.234) = 1.585, p = .211] either (as shown in Table 4-1). To further investigate these 
effects, two one-way ANOVAs were conducted (as shown in Table 4-2). First, a 
one-way ANOVA was calculated for each test, with Test as factor showed a significant 
difference among the three tests for the trained groups: the A group [f(1.059, 23.234) 
= 19.18, p = .000], the AM group [f(1.058, 23.234) = 6.18, p= .019], and the AV group 
[f(2, 23.234) = 4.73, p = .019]. Conversely, for the C group, no reliable difference was 
found among the three tests [f(2, 23.234) =1.18, p = .325]. Post hoc comparison 
(Tukey HSD) showed that the pretest score was significantly lower than that of either 
the post-test or the generalization test. Moreover, there were significant differences 
between pretest and post-test and between pretest and generalization test for the A 
group and the AV group. For the AM and the C groups, there was no reliable 
difference found among the three tests. These results show that although the AM 
group had higher mean production scores than the AV group at pretest, post-test and 
generalization test, these differences were not statistically significant. Second, a 
one-way ANOVA was calculated for each test, with Group as factor. As expected, no 
reliable difference was obtained between the trained and control groups at pretest [f(3,   150 
 
Table 4-1. Two-way repeated measures ANOVA with Test (pre, post and gen) as 
within subject factor and Group (A, AM, AV and C) as between subject factor 
Source SS  df  MS  F  P 
Group .218  3  .073  1.044  .398 
Test    .368  1.367 .269  24.365  .000 
Group x Test  .072  4.100 .018  1.585  .211 
Within groups  1.441  40.234 .036     
  Between  subjects  1.184  17  .070     
  Error  .257  23.234 .011     
Total 2.099  48.701      
 
 
Table 4-2. One-way ANOVA with Test (pre, post and gen) and Group (A, AM, AV and 
C) as factors 
Simple Main Effect  SS  df  MS  F  P 
Test            
  In  A  Group  condition  .223  1.059  .211  19.18  .000 
  In  AM  Group  condition .072 1.058 .068  6.18 .019 
  In  AV  Group  condition  .103  2  .052  4.73  .019 
    In C Group condition  .025  2  .013  1.18  .325 
Error .257  23.234 .011     
Group            
  In  Pretest  condition  .092  3  .031  .86  .470 
  In  Post-test  condition  .137  3  .046  1.28  .294 
  In  Gen-test  condition  .061  3  .020  .56  .645 
Error 1.441  40.234 .036     
 
 
40.234) =.86, p = .470]. Moreover, there were no significant differences between the 
post-test and the generalization test. This indicates that the trained and control 
subjects’ tone production accuracy was comparable to start with. Although the 
performance of the post-test and generalization test was different for the trained and 
control subjects, these differences did not reach significance: [f(3, 40.234) =1.28, p 151 
 
= .294] at post-test, and [f(3, 40.234) =.56, p = .645] at generalization test.     
In sum, the above results show a significant improvement in production accuracy 
of Mandarin tones as the result of perception training for the three training groups. 
Native Mandarin listeners more often perceived the intended tone after training as 
compared to that before training. Moreover, this improvement in production was 
observed both for stimuli used in training and was extended to novel stimuli not 
included in perceptual training. The control group revealed an increase of 6 percent 
points at post-test and 9 percent points at generalization test. All the controlled 
subjects in this study were taking Mandarin courses during the training period. 
Moreover, they lived in Taiwan, a Mandarin-speaking environment. They continued 
studying and learning Mandarin during this training period. Although the control 
group exhibited improvement at post-test and generalization test, the increase was 
incomparable to that of the training groups.   
4.5.2 Production Results of Three Types of Tasks at Post test 
The mean percent correct production scores for the four groups at pretest and 
post test (1)-the Repetition Task (REPT), post test (2)-the Translation Task (TRAT), 
and post test (3)-the Reading Aloud Task (RDGT) are displayed in Figure 4-2. All the 
training and controlled groups received very high percent points on the Repetition 
Task (94%, 98%, 96% and 92% for the A group, AM group, AV group and C group   152 
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Figure 4-2. Mean percent correct production scores of the Mandarin tones and 
standard errors for A group, AM group, AV group, and C group at pretest and post test 
(1)－the Repetition Task, post test (2)－the Translation Task, post test (3)－the 
Reading Aloud Task as identified by two native Mandarin listeners.   
 
 
respectively), and AM group outperformed A group and AV group in the training 
groups. On the Translation Task, the mean scores of the C group were low to 28 
percent, a decrease of 31 percent points from 59 percent at pretest. Similarly, the AV 
group also showed a decrease of 10 percent points, from 46 percent at pretest low to 
36 percent at post-test. Conversely, both the A group and AM group showed an 
improvement of 5 percent and 0 percent respectively on the Translation Task. The A 
group showed an increase from 53 percent at pretest to 58 percent at post-test. For the 
AM group, there was no increase from the pretest to the post-test (from 64% to 
64%).A two-way repeated measures ANOVA with Group (A, AM, AV, C) as between   153 
 
Table 4-3. Two-way repeated measures ANOVA with Group (A, AM, AV, C) as 
between subject factor and Task (REPT, TRAT, RDGT) as within subject factor     
Source SS  df  MS  F  P 
Group   .416  3  .139  7.333  .002 
Task   2.448  2  1.224  120.711  .000 
Group x Task    .213  6  .035  3.494  .008 
Within groups  .667  51  .013     
  Between  subjects  .322  17  .019     
  Error   .345  34  .010     
Total 3.744  62       
 
 
Table 4-4. One-way ANOVA with Task (REPT, TRAT, RDGT) and Group (A, AM, 
AV, C) as factors 
Simple Main Effect  SS  df  MS  F  P 
Task            
  In  A  Group  condition  .331  2  .166  16.6  .000 
  In  AM  Group  condition .286 2 .143  14.3  .000 
  In  AV  Group  condition  .896  1.068  .840  84  .000 
    In C Group condition  1.239  2  .619  61.9  .000 
Error .345  34  .010     
Group            
  In  REPT  condition  .012  3  .004  .308  .819 
  In  TRAT  condition  .480  3  .160  12.308  .000 
  In  RDGT  condition  .137  3  .046  3.538  .021 
Error .667  51  .013     
 
subject factor and Task (REPT, TRAT, RDGT) as within subject factor showed an 
effect of Task [F(2,34) = 120.711, p = .000] and an effect of Group [F(3,34) = 7.333, 
p= .002]. The Group x Task interaction was also significant [F(6,34) = 3.494, p= .008] 
(as shown in Table 4-3). The effect of the Group x Task interaction suggests that 
participants’ production of tones differs significantly by task type. Mean scores by 154 
 
task type dropped but their relationship to each other with and between groups (A, 
AM, AV, and C) did not essentially change but descended from the Repetition Task, 
the Reading Aloud Task, to the Translation Task. To further explore the differences 
between groups and tasks, a series of one-way ANOVAS were carried out (as shown 
in Table 4-4). These tests established significant differences between the groups on 
TRAT [F(3,51) = 12.308, p = .000] and on RDGT [F(3,51) = 3.538, p = .021], but not 
on REPT [F(3,51) =.308, p = .819]. Post hoc (Tukey HSD) multiple comparisons (α 
< .05) revealed significant differences on TRAT between the A and C groups, the AM 
and AV groups, and the AM and C groups. Conversely, no reliable difference was 
found between the A and AM groups, the A and AV groups, and the AV and C groups. 
The results showed that even after perception and production training for the AV 
group, there was no significant difference between the AV and C groups.   
    In sum, the above results show a significant improvement on the Translation 
Task as the result of perceptual training (the A group and the AM group) and 
perceptual and production training (the AV group) for the trainees. Native Mandarin 
listeners more often perceived the intended tone after training as compared to before 
training. Moreover, this improvement in production on the Translation Task was 
observed for the A group (5% increase) only which received perceptual training. No 
such improvement was revealed for the AM group (no increase). However, the 155 
 
perceptual ratings of the native Mandarin listeners on the Translation Task suggested 
no such improvement for the AV group (10% decrease) which received perceptual and 
production training and the C group (31% decrease), judging their post-test 
productions much lower than their pretest productions.   
4.5.3 Individual Tones and Tone Pairs 
    Table 4-5 presents a confusion matrix, for both the initial and final positions of 
disyllabic words at pretest and post-test (the Reading Aloud Task), showing the 
number of correct responses and production errors the trainees made for each tone as 
judged by two native listeners of Mandarin (4 stimuli x 15 trainees x 4 tone 
combinations x 2 speakers= 480 responses for each tone of disyllabic stimuli). Table 
4-6 displays what percentage of tone productions that match or mismatch the tones of 
the stimulus. The “totals” column to the extreme right is also of interest because it 
displays the frequency distribution of all the subjects’ productions. At the stage of 
pretest, trained subjects produced level tone the most frequently (i.e., in 31.5% of all 
instances for di-final stimuli) and rising tone the least (i.e. in 20.1% of all instances 
for di-final stimuli). Subjects exhibited a preference for level tone over any other tone. 
Level tone was the most likely response to a stimulus. This propensity to utter a 
lexical tone as a level tone might be attributed to the ease of articulation for Tone 1. 
That the production of Tone 1 is relatively easy as compared to the other three tones   156 
 
Table 4-5. The distribution of trainees’ productions on the initial and final syllables of 
disyllabic words at pretest and post-test.     
   
 
Table 4-6. Percents of column totals of trainees’ productions on the initial and final 
syllables of disyllabic words at pretest and post-test. 
Produced 
as  Test 
Stimulus  
Tone 1  Tone 2  Tone 3  Tone 4  Totals 
Initial Final  Initial Final Initial Final Initial Final  Initial Final
Level 
Pre  72.9  81.7  11.3 19.6 5.4 14.6 8.5 10.2  24.5  31.5
Post  87.5  91.9  7.5 4.6 4.4 2.7 3.5 2.7  25.7  25.5
Rising 
Pre  7.5  6.7  60.4 66.5 16.3 5 9 2.1  23.3  20.1
Post  2.9  5  69.6 92.7 7.7 4.2 1 0.6  20.3  25.6
Dipping 
Pre  9.8  7.7  17.3 5 65.4 76.7 7.7 16.7  25.1  26.5
Post  4.8  2.5  13.8 1 76.5 88.1 7.3 4.6  25.6  24.1
Falling 
Pre  9.8  4  11 9 12.9 3.8 74.8 70.2  27.1  21.7
Post  4.8  0.6  9.2 1.5 11.3 5 87.9 91.9  28.3  24.7
Totals 
Pre  100  100  100 100 100 100 100 99.2  100  99.8
Post  100  100  100 99.8 99.8 100 99.8 99.8  99.9  99.9
% 
incorrect 
Pre  27.1  18.3  39.6 33.5 34.6 23.3 25.2 29  31.6  26
Post  12.5  8.1  30.4 7.1 23.3 11.9 11.9 7.9  19.5  8.8
Produced 
as  Test 
Stimulus  
Tone 1  Tone 2  Tone 3  Tone 4  Totals 
Initial Final  Initial Final Initial Final Initial Final  Initial Final
Level 
Pre  350  392  54 94 26 70 41 49 471  605
Post  420  441  36 22 21 13 17 13 494  489
Rising 
Pre  36 32  290 319 78 24 43 10 447  385
Post  14 24  334 445 37 20  5  3  390  492
Dipping 
Pre  47 37 83 24  314 368 37 80 481  509
Post  23 12 66  5 367 423 35 22 491  462
Falling 
Pre  47 19 53 43 62 18  359 337  521  417
Post  23 3 44 7 54  24  422 441  543  475
Totals 
Pre  480 480 480 480 480 480 480 476  1920  1916
Post  480 480 480 479 479 480 479 479  1918  1918
Number 
of errors 
Pre  130 88 190 161 166 112 121 139 607  500
Post  60 39  146 34  112 57 57 38 375  168157 
 
for American learners of Mandarin has also been reported in previous studies 
analyzing learners’ productions both in laboratory (Leather, 1983) and classroom 
(Miracle, 1989). It is also noted that, based on an assessment by two native Mandarin 
listeners, despite the closer approximation to a level contour, the pretest production 
still did not achieve full accuracy in terms of pitch height. At the stage of post-test, 
trained subjects produced with falling tone the most frequently (i.e., in 28.3% of all 
instances for di-initial stimuli) and rising tone the least (i.e. in 20.3% of all instances 
for di-initial stimuli). The ease of articulation for Tone 4 might be attributed to the fact 
Tone 4 is prosodically less marked for non-tonal listeners. In the post-test, the learners’ 
post-test production of Tone 4 was significantly increased, which resembled the native 
value.  
Overall, subjects produced tone more categorically in primary-stressed than 
non-primary stressed positions. This finding manifested the tendency that subjects’ 
produced tones in final positions more accurately than those in non-final positions. 
However, pre-training Tone 4 syllables in final positions manifested the opposite 
tendency. At pretest, trainees produced Tone 4 stimuli in non-final positions (74.8% 
correct identification) at higher rates than those in final positions (70.2% correct 
identification). Upon closer inspection, the learners’ pretest production of Tone 4 is 
different from the native norm in two dimensions: it starts at a lower pitch, and its 158 
 
slope is less steep. This has made native Mandarin listeners more likely to identify 
subjects’ production of Tone 4 (high-falling) as Tone 3 (low-falling). As seen in Table 
4-6, trainees’ productions on Tone 4 stimuli in final positions at pretest were identified 
as Tone 3 in 16.7% of all instances. In other words, the falling pitch of pre-training 
Tone 4 syllables in final positions was found to be more easily identified as Tone 3.   
Table 4-7 displays trained subjects’ mean percent-correct productions for each 
tone of disyllabic words at pretest and post-test. Trainees’ performance of each 
individual tone for the di-initial and the di-final stimuli is presented in Figure 4-3 and 
Figure 4-4 respectively, revealing that trainees’ performance for each tone improved 
significantly from the pretest to the post-test. For the di-initial stimuli, a two-way 
ANOVA of Test (pretest, post-test) and Tone (Tone 1, Tone 2, Tone 3, Tone 4) showed 
a significant main effect for Test [F(1,56)=17.822, p=.000], indicating significant 
improvement from the pretest to the post-test. There was no effect for Tone 
[F(3,56)=2.095, p=.111]. Post hoc (Tukey HSD) multiple comparisons (α<.05) 
revealed significant differences on Tone 1 and Tone 4 across pretest and post-test. The 
difference was 15% improvement for Tone 1 [F(1,56)=6.603, p=.013]; 10% for Tone 
2 [F(1,56)=2.609, p=.112]; 11% for Tone 3 [F(1,56)=3.785, p=.057]; and 13% for 
Tone 4 [F(1,56)=5.348, p=.024]. The Test x Tone interaction did not reach 
significance [F(3,56)=.175, p=.913], showing the improvement from pretest to   159 
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Table 4-7. Trained subjects’ mean percent correct productions for each tone at pretest 
and post-test as judged by one of the native Mandarin listeners. Figures drawn from 
Table 4-6 are rounded off to the nearest integer. 
% correct 
responses 
Test
Position Pretest Post  test  Difference 
Tone 1 
Di-Initial  73 88 15 
Di-Final  82 92 10 
Tone 2 
Di-Initial  60 70 10 
Di-Final  67 93 26 
Tone 3 
Di-Initial  66 77 11 
Di-Final  77 88 11 
Tone 4 
Di-Initial  75 88 13 
Di-Final  70 92 22 
  
 
 
 
 
 
 
 
 
 
 
Figure 4-3. Trained subjects’ mean percent correct productions for the 
di-initial stimuli at pretest and post-test.   
 
 
 
 
 
 
 
 
 
 
 
Figure 4-4. Trained subjects’ mean percent correct productions for the di-final 
stimuli at pretest and post-test.   160 
 
post-test was consistent across all four tones. Interestingly, there was no significant 
difference among the four tones at either pretest [F(3,112)=1.204, p=.312], or 
post-test [F(3,112)=2.152, p=.098], even though, at pretest, the trainees’ production of 
Tone 2 and Tone 3 appears poorer as compared to that of Tone 1 and Tone 4. For the 
di-final stimuli, a two-way ANOVA of Test and Tone showed a significant main effect 
for Test [F(1,56)=37.415, p=.000], indicating significant improvement from the 
pretest to the post-test. There was no effect for Tone [F(3,56)=.588, p=.626]. Post hoc 
(Tukey HSD) multiple comparisons (α<.05) revealed significant differences on Tone 2, 
Tone 3 and Tone 4 across pretest and post-test, but no reliable difference on Tone 1. 
The difference was 10% improvement for Tone 1 [F(1,56)=3.221, p=.078]; 26% for 
Tone 2 [F(1,56)=21.297, p=.000]; 11% for Tone 3 [F(1,56)=4.058, p=.049]; and 22% 
for Tone 4 [F(1,56)=14.509, p=.000]. The Test x Tone interaction did not reach 
significance [F(3,56)=1.891, p=.142], showing the improvement from pretest to 
post-test was consistent across all four tones. There was no significant difference 
among the four tones at either pretest [F(3,112)=1.865, p=.140], or post-test 
[F(3,112)=.172, p=.915], even though, at pretest, the trainees’ production of Tone 2 
and Tone 4 appears poorer as compared to that of Tone 1 and Tone 3. The results of 
subjects’ production performance support the finding in several studies that the 
production of second tone is the hardest for adult learners (Elliot, 1991; Lu, 1992; 161 
 
Miracle, 1989). Tone 2 is particularly difficult because it shares characteristics with 
both Tone 1 and Tone 3. Like Tone 1, the pitch contour of Tone 2 ends in the upper 
register of a pitch range. Like Tone 3, it has a rising contour. Nevertheless, trainees 
exhibited a highest increase in the production of di-final stimuli with Tone 2. The 
production scores were 93% at post test, a 26% increase. Trainees also demonstrated a 
large extent of change in the production of Tone 4 (22% increase in scores) at 
post-test. 
Analyses of tone confusions of the di-initial stimuli and the di-final stimuli are 
shown in Figure 4-5 and Figure 4-6 respectively, which compares, for the pretest and 
the post-test, the number of production errors the trainees made for each tone out of a 
total of 480 (16 stimuli x 15 trainees x 2 judges = 480 responses for each tone) (see 
Table 4-5 for complete pretest and post-test confusion matrices). Tone confusions 
were examined, summing over the errors obtained for each tone pair. For example, the 
number of errors for tone pair 1 and 2 is the sum of errors of both Tone 1 produced as 
Tone 2, and Tone 2 produced as Tone 1. For the di-initial stimuli, the tone pair 
confusion analysis demonstrated no significant differences among the tone pairs for 
pretest [F(5,168)=2.137, p=.063], and no reliable difference for post-test 
[F(5,168)=2.010, p=.080] either. Post hoc comparison analyses reveal that at pretest, 
the most difficult tone pair was Tones 2 and 3, followed by Tones 3 and 4, Tones 2   162 
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Figure 4-5. Tone pair confusions for production of the di-initial stimuli at pretest and 
post-test, in terms of errors for each tone pair. The number of errors (out of 480) for 
each tone pair refers to misproduction of one tone as the other in the corresponding 
pair. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-6. Tone pair confusions for production of the di-final stimuli at pretest and 
post-test, in terms of errors for each tone pair. The number of errors (out of 480) for 
each tone pair refers to misproduction of one tone as the other in the corresponding 
pair. 163 
 
and 4, Tones 1 and 2, Tones 1 and 4, and Tones 1 and 3. At post-test, the order of tone 
pair presentation for the most two confusing tone pairs (i.e. tone pair 2 and 3, and tone 
pair 3 and 4) was not changed. The average number of errors decreased was 38 with a 
range of 10-58 for the six tone confusion patterns from pretest to post-test. The initial 
difficulty in distinguishing Tones 2 and 3 has been attributed to their acoustic 
similarities (Chen, 1997; Moore and Jongman, 1997) since both tones have a rising 
portion of the pitch contours. Nevertheless, tone pair 2 and 3 was improved greatly 
after training. The number of errors of tone pair 2 and 3 decreased from 161 to 103 
(58 decrease in errors) from pretest to post-test. On the contrary, tone pair 3 and 4 was 
most resistant to improvement. Training effects were much smaller for this tone pair, 
only 10 decrease (from 99 to 89) in errors from pretest to post-test. Nonetheless, the 
rank order of the tone pairs at pretest and post-test for the di-initial stimuli was still 
highly correlated (Spearman r = 0.886, p=.019), which indicates that the pattern of 
tone confusion before and after training is to a large extent comparable. As for the 
di-final stimuli, the tone pair confusion analysis demonstrated significant differences 
among the tone pairs for pretest [F(5,168)=2.807, p=.018], but no reliable difference 
was found among the tone pairs for post-test [F(5,168)=.604, p=.697]. This indicates 
that the number of errors for each tone pair was significantly different to start with, 
but this difference among the tone pairs showed no significance after training. That is, 164 
 
a comparison of the errors made at the pretest and post-test shows a reliable decrease 
of errors for each tone pair. Post hoc comparison analyses reveal that at pretest, the 
most difficult tone pair was Tones 1 and 2, followed by Tones 1 and 3, Tones 3 and 4, 
Tones 1 and 4, Tones 2 and 4, and Tones 2 and 3. At pretest, Tones 2 and 3, which was 
the most confusing pair for the di-initial stimuli, became the least confusing pair for 
the di-final stimuli. At post-test, Tones 3 and 4 and Tones 1 and 2 became the most 
two confusing tone pairs, followed by Tones 1 and 3, Tones 2 and 3, Tones 1 and 4, 
and Tones 2 and 4. More specifically, while all the other tone pairs showed a reliable 
decrease in errors from the pretest to the post-test, the difference between the two the 
tests for Tones 2 and 3 ([F(1,84)=1.108, p=.296]) and for Tones 2 and 4 
([F(1,84)=3.872, p=.052]) was not significant. The average number of errors 
decreased was 55.5 with a range of 23-82 for the six tone confusion patterns from 
pretest to post-test. Thus, it appears that tone pair 2 and 3 was most resistant to 
improvement. Training effects were much smaller for this tone pair, only 23 decrease 
(from 48 to 25) in errors from pretest to post-test. The rank order of the tone pairs at 
pretest and post-test was not highly correlated (Spearman r = 0.551, p=.257), which 
indicates that the pattern of tone confusion before and after training is not to a large 
extent comparable.   165 
 
4.5.4 Individual Participants 
The subsequent analyses concentrated on the trainees and focused on the stimuli 
that were used in the perceptual training. Individual trainees’ percent-correct tone 
production as judged by two Mandarin listeners at pretest, post-test (the Reading 
Aloud Task) and generalization test is presented in Table 4-8, which shows that each 
trainee’s production accuracy improved after perceptual training. Considerable 
individual differences were observed among the trainees but not among the controls. 
Across all fifteen trainees, percent-correct tone production improved on average 20% 
from pretest to post-test (ranging from 1% to 49%), except for trainee AM04 who 
showed no improvement in the post-test (-5%). It should also be noted that there is a 
large degree of variability among the fifteen trainees in terms of initial accuracy levels 
(17% to 95%), which seems to be reflected the extent of the training effects. Trainees’ 
productions also varied across the three training groups in terms of increased % 
production scores at post-test and generalization test. Trainees who took perceptual 
training in the A group and the AM group showed substantial improvement (e.g., 
trainee A01: 45% increase, trainee AM01: 49% increase) at post-test. On the other 
hand, training effects were much smaller for the one who took perceptual and 
production training in the AV group (e.g., trainees AV04 and AV05: 30% increase). It 
appears a bit surprising that trainee AV02 showed little improvement (1% increase) 166 
 
Table 4-8. Individual participants’ mean % production scores at pretest, post-test (the 
Reading Aloud Task) and generalization test as identified by two native Mandarin 
listeners.  
 
Trained Participants 
Trained Pretest Post-test  Difference  Generalization
A01 29    74    +45 75   
A03 74    88    +14 84   
A04 86    94    +8 93   
A05 36    69    +33 65   
A06 39    75    +36 67   
Mean  53    80    +27 77   
AM01 34    83    +49 77   
AM02 44    59    +15 52   
AM03 95    99    +4 96   
AM04 81    76    -5 80   
AM06 66    84    +18 77   
Mean  64    80    +16 76   
AV01 41    53    +12 54   
AV02 44    45    +1 55   
AV04 56    86    +30 88   
AV05 17    47    +30 42   
AV06 72    86    +14 81   
Mean 46    63    +17 64   
 
Control Participants 
Control Pretest Post-test  Improvement Generalization
C01 45    43    -2 64   
C02 64    83    +19 83   
C03 62    69    +7 59   
C04 65    63    -2 60   
C05 59    68    +9 72   
C06 59    63    +4 70   
Mean  59    65    +6 68   
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from pretest to post-test after the perceptual and production training. A closer 
inspection of the data of trainee AV05 showed that in his pretest, 64% of the stimuli 
were produced as T3T1. Since his problem was limited to one pair, improvement may 
have been easier. Trainee AV05 showed in his post-test that only 23% of the stimuli 
were produced as T3T1. The generalization test shows that for each of the fifteen 
trainees, the improvement gained from training was generalized to the novel stimuli. 
In particular, the training effect does indeed appear robust. Given that all participants 
were taking a Mandarin course during the time of training, trainees in the three 
training groups showed improvement (24% for the A group, 12% for the AM group, 
and 18% for the AV group) in the generalization test, and a bit improvement (9%) for 
the control group. 
4.5.5 Relation between Perception and Production 
    To compare how the trainees’ performance in one mode is related to the other, 
each trainee’s perception and production scores of the disyllabic stimuli in both 
pretest and post-test are summarized in Table 4-9. Visual observations show that, in 
general, the trainees demonstrated a greater increase in scores in perception than in 
production. There were also differences in performance and degree of learning across 
the three training groups. For the three training groups (the A, AM, and AV groups), 
the pretest scores in perception were lower than those in production and thus, had   168 
 
Table 4-9. Individual participants’ % perception and production scores at pretest and 
post-test. The % differences are calculated by subtracting the pretest scores from the 
post-test scores.   
 
Trained Participants 
 Perception  Production 
Trained Pre Post  Diff. Pre Post  Diff. 
A01  45   81   +36   29    74    +45 
A03  41   64   +23   74    88    +14 
A04  61   94   +33   86    94    +8 
A05  31   78   +47   36    69    +33 
A06  42   94   +52   39    75    +36 
Mean 44 82    +38   53    80    +27 
AM01  34   70   +36   34    83    +49 
AM02  58   92   +34   44    59    +15 
AM03  59   92   +33   95    99    +4 
AM04  52   88   +36   81    76    -5 
AM06  39   86   +47   66    84    +18 
Mean  48   86   +38   64    80    +16 
AV01  30   47   +17   41    53    +12 
AV02  27   55   +28   44    45    +1 
AV04  44   73   +29   56    86    +30 
AV05  36   59   +23   17    47    +30 
AV06  41   64   +23   72    86    +14 
Mean  36   60   +24   46    63    +17 
 
Control Participants 
 Perception  Production 
Control Pre Post  Diff. Pre Post  Diff. 
C01  30   27   -3   45    43    -2 
C02  47   47   0   64    83    +19 
C03  50   61   +11   62    69    +7 
C04  44   50   +6   65    63    -2 
C05  45   55   +9   59    68    +9 
C06  36   27   -9   59    63    +4 
Mean  42   44   +2   59    65    +6 
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more room for improvement. Yet, the degree of increases was generally higher in 
perception than in production. Four of the trainees’ perception scores increased to 
above 92% in the post-test. On average, for the trained groups, the percentage 
increase in the perception mode from pretest to post-test was 33%, with an increase of 
38% for the A and AM groups, and 24% for the AV group. In production, the pretest 
scores were much higher than those of the perception test. Yet, the size of gain in 
production was much smaller than that seen for perception. 
The present study demonstrated that, after perceptual training (the A and AM 
groups) and perceptual and production training (the AV group) of Mandarin tone, the 
trainees’ identification improved greatly and their production accuracy also increased 
significantly, indicating a relation between the perception and production of Mandarin 
tone. Consequently, the trainees’ perception and production of Mandarin tone in the 
pretest and post-test are compared to examine the nature of this relationship. The tone 
confusion data of the perception results (as shown in Chapter 3) show that, in the 
pretest, the most confusing tone pair for the di-initial stimuli was Tones 2 and 3, 
followed by Tones 3 and 4, Tones 1 and 2, Tones 2 and 4, Tones 1 and 4, and Tones 1 
and 3. Though this rank order was not retained in the post-test, Tones 2 and 3 and 
Tones 3 and 4 remained the most two confusing tone pairs in the post-test. 
Interestingly, the present tone production confusion results reveal strikingly similar   170 
 
Table 4-10. Tone pair confusions patterns for perception and production of the 
di-initial stimuli at pretest and post-test, in terms of percent errors for each tone pair. 
  Pretest errors (%)  Post-test errors (%) 
 Perception  Production  Perception Production 
Tones  2&3  24.6 16.7 10.2  10.7 
Tones 3&4  14.8  10.3  6.9  9.3 
Tones 1&2  12.1  9.4  3.6  5.2 
Tones 2&4  11.5  10  5  5.1 
Tones 1&4  10.4  9.2  3.8  4.2 
Tones  1&3  7.1 7.6 4.1  4.6 
 
 
Table 4-11. Tone pair confusions patterns for perception and production of the di-final 
stimuli at pretest and post-test, in terms of percent errors for each tone pair. 
  Pretest errors (%)  Post-test errors (%) 
 Perception  Production  Perception Production 
Tones 3&4  20.6  10.2  11  4.8 
Tones 2&3  15.6  5  5.8  2.6 
Tones  1&2  9.8 13.1 1.2  4.8 
Tones 1&3  9.2  11.2  2.5  2.6 
Tones  2&4  6.1 5.5 0.4  1 
Tones 1&4  5.6  7.1  1  1.7 
 
patterns in both pretest and post-test.   
        A comparison of the perception and production confusion patterns for the   
di-initial stimuli in the pretest and post-test is shown in Table 4-10, in terms of the 
percent errors for each tone pair. As shown in Table 4-10, in the pretest the percent 
errors for perception and production are highly correlated [r =.984, p =.000]. The rank 
order in terms of tone pair is also highly correlated for perception and production [ 171 
 
=.943, p=.005]. Similarly, perception and production are significantly correlated in the 
post-test in terms of errors [r =.947, p =.004], but not correlated in terms of tone pair 
rank order [ =.657, p =.156]. For the di-final stimuli (see Table 4-11), in the pretest 
the percent errors for perception and production are not highly correlated [r =.124, p 
=.815]. The rank order in terms of tone pair is also not highly correlated for 
perception and production [=.086, p=.872]. Similarly, perception and production are 
not significantly correlated in the post-test in terms of errors [r =.569, p =.238] and in 
terms of tone pair rank order [ =.736, p =.096]. 
    These results show that, for the di-initial stimuli, trainees’ tone perception and 
production are highly related. However, despite this general consistency, differences 
do exist between perception and production. Confusion patterns of the di-initial 
stimuli at pretest and post-test, in terms of percent errors of the total number of stimuli, 
showed the difference between perception and production in terms of confusion 
direction (as shown in Table 4-12). It is noted that tone pair 2 and 3 is the most 
confusing pair for both perception and production, and the direction of confusion is 
the same for these two modalities. That is, Tone 2 was incorrectly perceived as Tone 3 
more frequently than Tone 3 was incorrectly perceived as Tone 2. Similarly, Tone 2 
was incorrectly produced as Tone 3 more frequently than the reverse. Different 
patterns are found for tone pair 3 and 4, which is the second most confusing pair for   172 
 
Table 4-12. Confusion patterns of the di-initial stimuli at pretest and post-test, in 
terms of percent errors of the total number of stimuli, showing the difference between 
perception and production in terms of confusion direction.   
  Pretest errors (%)  Post-test errors (%) 
Correct---incorrect Perception  Production Perception Production 
Tone 2 as tone 3  12.7  8.6  7.1  6.9 
Tone 3 as tone 2  11.9  8.1  3.1  3.8 
Tone 3 as tone 4  4.8  6.4  1.7  5.6 
Tone 4 as tone 3  10  3.9  5.2  3.7 
 
 
Table 4-13. Confusion patterns of the di-final stimuli at pretest and post-test, in terms 
of percent errors of the total number of stimuli, showing the difference between 
perception and production in terms of confusion direction.   
  Pretest errors (%)  Post-test errors (%) 
Correct---incorrect Perception  Production Perception Production 
Tone 2 as tone 3  11.6  2.5  4.1  0.5 
Tone 3 as tone 2  4  2.5  1.7  2.1 
Tone 3 as tone 4  15.8  1.9  8.8  2.5 
Tone 4 as tone 3  4.8  8.3  2.2  2.3 
 
both perception and production, in that the direction of confusion is different for these 
two modalities. That is, Tone 4 was more often incorrectly perceived as Tone 3 than 
Tone 3 was incorrectly perceived as Tone 4. In contrast, Tone 3 was incorrectly 
produced as Tone 4 more frequently than the reverse. Comparing the pretest and 
post-test data of the di-initial stimuli, it is also noted that tone pair 2 and 3 errors 
decreased to a large degree in perception. However, a similar decrease is not as 
evident in production comparing pretest to post-test. Similarly, Tones 3 and 4 173 
 
improved greatly in the perception post-test but did not show much improvement in 
the production post-test. These patterns are also reflected in the overall results for 
individual tones, in that the perception of Tone 4 in the di-initial position was 
relatively poor to start with but significantly improved after training (see Figure 3-6 in 
Chapter 3), whereas its production was good in the pretest and remained so in the 
post-test (see Figure 4-3).   
It is also noted that although trainees’ tone perception and production are not 
highly related for the di-final stimuli, differences could be found between perception 
and production among certain patterns (see Table 4-13). Tone pair 3 and 4 becomes 
the most confusing pair for perception only. That is, Tone 3 was incorrectly perceived 
as Tone 4 more frequently than Tone 4 was incorrectly perceived as Tone 3. Similar 
patterns are also found for Tones 2 and 3, in that Tone 2 was incorrectly perceived as 
Tone 3 more frequently than the reverse. Comparing the pretest and post-test data of 
the di-final stimuli, it is also noted that the errors that Tone 3 was incorrectly 
perceived as Tone 4 and Tone 2 perceived as Tone 3 decreased to a large degree. 
However, a similar decrease is not as evident in production comparing pretest to 
post-test. It appears a bit surprising that the percent errors that Tone 3 was incorrectly 
produced as Tone 4 increased in the production post-test (from 1.9% in the pretest to 
2.5% in the post-test). These patterns are also reflected in the overall results for 174 
 
individual tones, in that the perception of Tone 3 in the di-final position was relatively 
poor to start with but significantly improved after training (see Figure 3-7 in Chapter 
3), whereas its production was good in the pretest and remained so in the post-test 
(see Figure 4-4).   
    Summing up, this chapter reported the results of the evaluation procedure – an 
intelligibility test that there was evidence indicating significant improvement in the 
three trained groups at post-test. Referring back to the research question 1 at the 
beginning of this chapter, after perceptual training or the perception with production 
training of Mandarin tones, the non-native trainees’ productions of Mandarin tone 
improved at post-test. The improvement in production accuracy was comparable for 
the three training groups (the A, AM, and AV groups) even though the A and AM 
groups received perceptual training only. For the A and AM groups, this means that 
learning in perception was transferred to production as they improved significantly in 
production accuracy of Mandarin tones without undergoing any production training. 
For the AV group, although their production accuracy improved significantly from 
pretest to post-test, they did not significantly outperform the A and AM groups in 
production accuracy. Therefore, the results did not support research question 2 which 
asked whether the perceptual with production training would result in better learning 
outcomes in production accuracy than the perception training only paradigm. All the 175 
 
three training modes proved to be effective for learning Mandarin tones on production 
when implemented as extra class activities. The data also suggest that perceptual 
training only is sufficient for improvement in both perception (as shown in Chapter 3) 
and production of Mandarin tones. More importantly, perceptual and production 
learning on production resulting from the three training paradigms was generalized to 
new words not heard in the training. The improvement gained in training was 24% 
increase for the A group, 12% increase for the AM group, and 18% increase for the 
AV group. With regard to the interaction between tone and position in the production 
of tones, which answers research question 4, the analysis of the percent correct 
productions for the di-initial and di-final stimuli showed that trainees produced tones 
of final syllables more accurately than tones of non-final syllables, except for Tone 4 
at pretest. That is, subjects produced tones more accurately in syllables that receive 
primary  stress  than  in  those  that  do  not.        
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CHAPTER 5 
General Discussion and Conclusions 
 
This chapter will discuss the results of the experiments. Section 5.1 states an 
overview of the current study. Section 5.2 evaluates the two hypotheses stated in 
Chapter 1: the effect of the three training approaches on perceptual learning of 
Mandarin tones, and the relationship between perceptual and production learning. 
Section 5.3 addresses several issues arising from the findings of the present study. 
Section 5.4 provides the contributions and the limitations of this study, and the future 
research direction. Finally, Section 5.5 presents the conclusion for the current study. 
5.1 An Overview of the Current Study  
The main goals of the current study were to examine the effects of three training 
paradigms on the perceptual and production learning of Mandarin lexical tones and to 
explore whether any observed improvement in perception was transferred to 
production.  
Overall, the results presented in Chapter 3 suggest that perceptual training only 
(the A and AM feedback training) is more beneficial and effective than perceptual and 
production training (the AV feedback training) in the perception and production of 177 
 
Mandarin lexical tones. First, this research was carried out taking into consideration 
the findings of other studies, and, at the same time, providing more reality to what 
CSL (Chinese as a second language) teachers would face in their actual teaching 
situations. The results presented in Chapter 3 suggest that training non-tonal speakers 
in the perception of the disyllabic Mandarin lexical tones in actual teaching settings 
was effective. The experimental group revealed a significant improvement in the 
percentage of correct responses from pretest to post-test. More importantly, the 
improvement gained in training was generalized to the new words produced by a new 
talker.     
Second, the production test described in Chapter 4 explored the possibility of 
transfer of perceptual learning to production. The assessment of possible 
improvement in production was carried out using an intelligibility test. The results of 
the intelligibility test showed that there was significant improvement in the three 
trained groups at post-test. The trainees’ improvement in perception was accompanied 
by significantly better performance in production. The improvement in production 
accuracy was comparable for the three training groups (the A, AM, and AV groups) 
even though the A and AM groups received perceptual training only. For the A and 
AM groups, this means that learning in perception was transferred to production as 
they improved significantly in production accuracy of Mandarin tones without 178 
 
undergoing any production training. For the AV group, although their production 
accuracy improved significantly from pretest to post-test, they did not significantly 
outperform the A and AM groups in production accuracy. Therefore, there is evidence 
that perceptual learning through training was transferred to production. More 
importantly, perceptual and production learning on production resulting from the three 
training approaches was generalized to new words not heard in the training. 
5.2 On the Effect of Training and the Effect of Learning  
5.2.1 The Effect of the Three Training Approaches on Perceptual Learning of 
Mandarin tones 
    The first research hypothesis related to the effects of the three training 
approaches in the perception domain. It was hypothesized that Audio-only (A) and 
Audio-Meaning (AM) feedback (consisting of a single component: audio sound file) 
training would be more effective in assisting the non-tonal listeners to learn the 
Mandarin tones than would the AV feedback training (consisting of two components: 
audio sound file and visual pitch contour). Further, the A and AM training would 
promote better and more robust modifications to non-native contrasts than would the 
AV feedback training approach.     
5.2.1.1 The Effects of Feedback Type in the Three Phases 
The results of the present study revealed that the expected pattern of the listeners’ 179 
 
learning performance, as described in the above section, varied from phase to phase 
(i.e., Pretest, Training, and Post-test). Before training, the participants’ variations in 
performance were controlled for by using stringent selection criteria during the 
recruitment process. Recall that all listeners were non-tonal learners taking a 
beginning Chinese language course, and had no experience with a tone language prior 
to learning Mandarin. The performance among the participants in the Pretest phase 
revealed no significant differences when listeners identified non-native tonal 
contrasts.  
During the Training phase (Chapter 3), the performance differences among the 
three training groups were not obvious. However, among the three training groups, the 
auditory training only paradigm (the A and AM feedback training) appeared to have 
the advantage of greater stimulation in each training set which allowed for playing 
back much more training stimuli within the same amount of training time than did 
those in the perceptual and production training paradigm (the AV feedback training). 
Comparing the two perceptual training groups, learners in the A group can take 
advantage of auditory input only without any other distraction to the perceptual 
learning of Mandarin tones. Learners in the AM group can not only use the auditory 
input but also benefit from meaning-bearing input. The lexical meaning imparted in 
the stimulus during training is beneficial for some learners since they can hear the 180 
 
speech sound of the stimuli and see the corresponding pictures and English 
equivalents of the stimuli simultaneously. The trainees in the AV group received 
auditory and visual feedback (i.e., auditory sound files with visual displays showing 
pitch contours) with which they can compare their own productions.         
In the immediate Post-test phase (Chapter 3), the effects of feedback type on the 
listeners’ performance were evident on the post-test and the generalization test. The 
analysis of the listeners’ performance (in terms of percent correct scores) on the 
post-test and the generalization test indicated that the listeners’ performance showed 
the expected pattern for Hypothesis 1. For example, the results of the present study 
evidenced that the listeners trained with the A and AM training approaches 
outperformed those trained with the AV feedback training approach (A, AM > AV) on 
both the post-test and the generalization test. The Post-test phase was completed 
within a week’s period after the Training phase. Although the effects of feedback may 
be due to the fact that the listeners still had very recent short-term memories about the 
Mandarin tones in the Post-test phase, only the trained A and AM groups reached a 
passing score of 80% or higher (see Table 3-9) on the post-test and received relatively 
higher scores on the generalization test than the AV group, indicating that tone 
contrasts gained in training were extended to the novel speaker and stimuli. These 
results were comparable to those obtained in the segmental training studies described 181 
 
previously (e.g., Jamieson and Morosan, 1986; Logan et al., 1991; Lively et al., 1994; 
Bradlow et al., 1997) and in the suprasegmental training studies (e.g., Wang et al., 
1999). This may imply that the learners have established the tonal patterns in their 
mental representations. Taking these together, the expected pattern of performance of 
the three training groups was found in the Post-test phase.   
In sum, it was found that the performance of the trainees in the AV feedback 
group was in general poorer than those in the A and AM feedback groups in the 
Post-test phase upon the completion of the short-term perceptual training. Therefore, 
it implies that the effects of feedback type are sufficient to account for the findings of 
the present study. As expected, the perceptual training paradigm (i.e., the A and AM 
training) was more beneficial and effective in assisting trainees to establish L2 
categories (Mandarin tones in this study) than was the perceptual and production 
training paradigm (i.e., the AV training). 
5.2.1.2 Perceived Category Differences and L2 Perception Models 
For non-tonal speakers in the current study, acquiring the Mandarin tone system 
involves the integration of F0 information at the lexical and sentential level, their 
knowledge of the function of pitch in the stress and intonation systems of English may 
be evident as well. In the present study, although all the trainees exhibited an increase 
in the identification of all the four tones, their tone pair confusion patterns showed 182 
 
that these four tones were indeed differentially acquired. The analysis of the tonal 
confusion patterns indicates that listeners’ L1 prosodic effects were most apparent on 
several tone pairs. For the stimuli in both the di-initial and di-final positions, 
English-speaking listeners consistently exhibited greater confusions for three tone 
pairs: T2-T3, T3-T4, and T1-T2. These patterns were not only found across the 
identification tasks that were administered at different times, but also in the training 
sessions. However, the question remains as to why the non-tonal trainees showed 
significantly more confusions in the T2-T3, T3-T4, and T1-T2 pairs, but fewer 
confusions in the T2-T4, T1-T4, and T1-T3 pairs at both the pretest and post-test. One 
cause for the differences in learning might be related to the differences in listeners’ 
perceived category distinctions across the four tone contrasts. The Perceptual 
Assimilation Model (PAM: Best, 1994, 1995, Best et al., 1988; Best et al., 2001; Best 
& Tyler, 2006) can provide a theoretical basis for explaining these discrepancies in the 
listeners’ performance for tonal confusions. More detailed accounts of this model 
were presented in Chapter 1.     
With respect to tonal assimilation from Mandarin to English: 
Uncategorized-Uncategorized (UU) Assimilation type in the framework of the PAM 
could be observed. According to Halle et al., (2004), there are two possible 
interpretations: lexical tones could be perceived either as uncategorized speech 183 
 
categories or as nonspeech. On the one hand, English is a stress-accent language 
which employs tone/pitch contours at the phrasal/sentential levels (as intonation) to 
indicate pragmatic meaning. For example, a falling pitch pattern signals a statement, 
and a rising pattern indicates a question. Pitch in Mandarin, on the contrary, is used at 
the syllable level to express lexical meaning. Thus, English listeners may perceive 
Mandarin tones as uncategorized speech categories, because English merely has tone 
contours at the phrasal and sentential levels. On the other hand, the acoustic correlates 
of tones, F0 and intensity contour, are used in English at the sentential intonation level. 
Tone contours thus are not completely irrelevant to an English ear with respect to 
their putative linguistic value. Tone contours indeed are prosodic aspects of speech 
that can be heard by English listeners; however, lexical tones are not part of the 
phonological system of English, and thus are not perceived as phonemic categories 
(Halle et al., 2004). From this perspective, it is tempting to label tone contrasts as UU 
(uncategorized-uncategorized) in the framework of the PAM.   
Perceived differences and similarities could be evocative of language-specific 
intonation patterns. Tone 4, for example, could suggest a falling pitch pattern which 
signals a statement to an English listener, Tone 2 a rising pattern which indicates a 
question. Mandarin Tone 2 and Tone 4 could be interpreted as a UU pair, because 
they did not assimilate to any stress-accent pattern in the English prosodic system at 184 
 
the phrasal/sentential level. According to the PAM, listeners’ perceptions of 
uncategorized sounds are less influenced by their L1 systems, but this depends on 
how well those listeners perceive the similarities of the non-native contrasts. Perhaps, 
Tone 2 and Tone 4 have some phonetic properties (e.g., vowel duration and F0 
patterns) that are relatively easy to perceive. Tone 2 involves high-rising pitch and is 
produced with longer vowel duration; Tone 4 involves high-falling pitch with the 
shortest intrinsic duration (e.g., Ho, 1976; Howie, 1976). Tone 2 and Tone 4 are thus 
relatively easy to perceive. Mandarin Tone 1 and Tone 3 could also be interpreted as a 
UU pair. Tone 1 involves high pitch with limited pitch movement and is prosodically 
less marked for English listeners; Tone 3 involves low pitch in the center portion and 
is produced with longer vowel duration (e.g., Ho, 1976; Howie, 1976). White (1981) 
found that English listeners perceive Mandarin high tones as stressed, and the low 
Tone 3 as unstressed. Given these findings, it might be speculated that, although the 
tone pair T1-T3 which involves at least one tone that is novel or “unnatural” to the 
English stressed condition, the English listeners are more attentive to their distinctions 
in training. That training can fine-tune distinctions as subtle as Tones 1 and 3 may 
well be due to the novel nature of at least one tone to the English listeners. Tone 1 and 
Tone 3 are thus relatively easy to perceive. Both Tone 1 and Tone 4 are prosodically 
less marked for English listeners and are comparable to the English unmarked or 185 
 
stressed condition. Therefore, the pairs, T2-T4, T1-T3, and T1-T4, formed three UU 
pairs. According to the PAM prediction, listeners should be able to discriminate the 
non-native sounds of an UU pair from fair to good depending on the perceived 
salience of the phonetic (i.e., intonational) differences involved. The results of the 
present study were consistent with the prediction, because the English-speaking 
listeners showed significantly fewer tonal errors for the T2-T4, T1-T3, and T1-T4 
pairs in the identification of the di-initial and di-final stimuli at both pretest and 
post-test. Taken together, it can be inferred that the English stress-accent system may 
facilitate the learning of Mandarin tones, especially the tones in the T2-T4, T1-T3, 
and T1-T4 pairs.     
5.2.2 The Relationship between Perceptual and Production Learning 
The second research hypothesis concerned which training group would benefit 
the most in the production domain. It was hypothesized that perceptual training only 
(i.e., the A and AM feedback training) will result in better performance in production 
accuracy than the AV training, because the A and AM training approaches 
outperformed those trained with the AV training approach in the perceptual accuracy 
of lexical tones (see Section 5.2.1). The results in the present study provide supporting 
evidence of the nature of correlations between learners’ perception and production of 
L2 suprasegmental contrasts (i.e., Mandarin tones), consistent with studies of L2 186 
 
segmental acquisition of vowels (e.g., Flege, Bohn, and Jang, 1997) and consonants 
(e.g., Flege, 1993). While the high correlation of the tone pair confusion patterns of 
the pretest perception and production shows the relationship of these two domains, the 
high correlation of the post-test perception and production tone pair confusion 
patterns clearly demonstrates how perceptual learning guided production. For 
example, the tone pairs that had been greatly improved perceptually for the di-initial 
stimuli, e.g., the T2-T3, T1-T2, and T1-T4 pairs also showed great improvement in 
production. For the di-final stimuli, the T3-T4, T1-T2, and T1-T3 pairs had been 
greatly improved both perceptually and productively from pretest to post-test. In 
contrast, for the di-final stimuli, tone pair 1 and 4 which was most resistant to 
improvement in perception, had relatively minimal improvement in production as 
well.  
The term “transfer” of perceptual learning to production without undergoing any 
training in production (Bradlow et al., 1997) is commonly used in reporting training 
studies. In general, significant changes in trainees’ productions at post-test that are not 
seen with the control group are viewed as a transfer of perceptual learning to 
production if the trainees take only perceptual training.   
Previous studies have consistently shown that, after short perceptual tone 
training, non-native speakers of Mandarin improved both their perception and 187 
 
production of Mandarin tones (Leather, 1990; Wang et al., 1999; Wang et al., 2003a, 
Wang, 2008). In those cases, the trainees’ performance in production improved 
significantly from pretest to post-test with training only in the perception mode. 
Wang’s study (2008) further indicated that perceptual with production training would 
not result in better learning outcomes in perception and production accuracy than the 
perception training only paradigm. The effect of training on perception and 
production in the current study was comparable to the effects observed in the previous 
studies. That is, the current study matched the success of those studies in terms of 
transfer of perceptual learning to the production model. The current findings suggest 
that learning in perception bears a straightforward relationship to learning in 
production and that learning in perception and production at the same time would not 
necessarily result in better performance either in perception accuracy or in production 
accuracy.  
The Speech Learning Model (SLM: Flege, 1995a, 1999) can provide a 
theoretical basis for the relationship between perception and production. The SLM 
predicts that the learners will be able to produce an L2 sound when its phonetic 
category is established. According to Flege, learners’ productions of L2 contrasts will 
eventually correspond to their perceptual representations of the non-native contrasts 
(Flege, 1995a, p. 239). The SLM is a dynamic model that takes into consideration 188 
 
improvement over time and relates perception to production in learning. Although the 
SLM makes such a prediction of a direction relationship between perception and 
production, it does not state clearly how the establishment of categories leads to 
improved production. This statement does, however, imply that perception leads 
production. The current data gave full support for this prediction on production. The 
perceived differences between the target tones automatically or immediately led to 
success in producing the differences for many trainees, especially for those in the A 
and AM training groups (see Chapter  4  for  details).       
5.3 Other Issues 
The discussion in the following sections will focus on several issues: the 
asymmetrical patterns in tonal perception (Section 5.3.1) and production (Section 
5.3.2), and the effect of short-term training on the perceptual and production 
modification of tones in the immediate post-test and the generalization test (Section 
5.3.3). 
5.3.1 Asymmetrical Patterns in Tonal Perception 
In the current study, although the trainees exhibited an increase in the 
identification of all the four tones after training, their tone pair confusion patterns 
showed that these four tones were indeed differentially acquired according to the 
position in which the tone occurs. As mentioned in Section 3.9.2, tones in the T2-T3, 189 
 
T3-T4, and T1-T2 pairs in both the di-initial and di-final stimuli were easily confused 
with their counterparts, and these tone pairs generally caused the listeners to spend 
more time to learn them than other tone pairs during the Training phase. Specifically, 
the tone pairs that had been greatly improved perceptually in the non-final positions 
of disyllabic stimuli, e.g. tones 2 and 3, tones 3 and 4, tones 1 and 2, showed great 
improvement in the final positions of disyllabic stimuli. It is possible that the tones in 
each pair share considerable phonetic characteristics (e.g., pitch contours, and pitch 
height for the tonal onset and/or the offset). For the T2-T3 pair, the confusion may 
well be due to the acoustic similarities of these two tones (Leather, 1990), in that they 
both involve a falling followed by a rising contour. However, differences exist in that 
the rising contour for Tone 2 starts much earlier and ends much higher than that for 
Tone 3. In addition, the valley for Tone 2 is not as low as that for Tone 3 (Wang et al., 
2003a). For the T3-T4 pair, both have a falling pattern and are often produced with a 
creaky voice phonation in isolated syllables in Standard Chinese (Belotel-Grenié & 
Grenié, 1994, 1995). For the T1-T2 pair, both pitch contours end in the upper register 
of a pitch range (Elliot, 1991; Lu, 1992; Miracle, 1989). In particular, the tone pair 
T2-T3 is the most problematic. While the initial difficulty in distinguishing Tones 2 
and 3 has been attributed to their acoustic similarities (Chen, 1997; Moore and 
Jongman, 1997), Tones 2 and 3 were improved greatly after training. It might be 190 
 
speculated that since these two tones are so novel to the non-tonal listeners, these 
listeners are more attentive to their distinctions in training. That training can fine-tune 
distinctions as subtle as Tones 2 and 3 may well be due to the novel nature of these 
two tones to the non-tonal listeners. For the T3-T4 pair, the difficulty in 
distinguishing Tones 3 and 4 has made this tone pair most confusing for syllables in 
the final position of disyllable words at both pretest and post-test. Tone 3 syllables in 
the final positions were pronounced as low-dipping without rising (i.e., low falling) in 
the overwhelming majority of cases. This has made subjects more likely to confuse 
Tone 3 (low falling) with Tone 4 (high falling) in the final position of disyllabic words. 
In the current study, it was found that the dipping tone was most frequently 
misidentified as the falling tone. It might be speculated that since the low dipping 
nature of Tone 3 is so variable for non-tonal learners as a result of its variation in 
different linguistic contexts and sentence positions, these learners have more 
difficulty in perceiving their distinctions in training. 
In contrast, the tones in the T2-T4, T1-T3, and T1-T4 pairs appeared to be less 
confusable with their counterparts. It may relate to the fact that the phonetic 
characteristics (e.g., F0 patterns including the F0 height and direction) of the tones in 
each pair are dissimilar. For example, the F0 patterns for T1 (high level) and T3 
(falling rising) are different, at least in terms of the F0 patterns (level vs. falling rising) 191 
 
and duration (T3 is longer than T1; e.g., Howie, 1976). For the T1-T4 pair, although 
both tones begin with a similar high pitch level, the pitch contours and the F0 height 
for the tonal offsets for T1 (high level) and T4 (high falling) are different. The 
intrinsic duration also differs for Tone 1 and Tone 4, with the shortest being Tone 4. 
In addition, Tone 1 and Tone 4 are prosodically less marked for English-speaking 
learners. White (1981) found that English listeners perceive Mandarin high tones (e.g., 
Tone 1 and Tone 4) as stressed. It might be that, in this study, Tone 1 and Tone 4 
were easier to be distinguished since they were both comparable to the English 
unmarked or stressed condition. Thus, the results suggest that the phonetic properties 
(similar vs. dissimilar) of lexical tones have an effect on the listeners’ perception of 
Mandarin tones. Tones that share similar features are likely to cause more perceptual 
and learning difficulties for the trainees, whereas tones with more dissimilar features 
will be easier to be discerned and learned. 
5.3.2 Asymmetrical Patterns in Tonal Production 
While the high correlation of the tone pair confusion patterns of the pretest 
perception and production shows the relationship of these two domains, the high 
correlation of the post-test perception and production tone pair confusion patterns 
clearly demonstrates how perceptual learning guided production. For example, the 
tone pairs that had been greatly improved perceptually, e.g., tones 2 and 3, tones 1 and 192 
 
2, tones 1 and 4, also showed great improvement in production in the initial positions 
of disyllabic words. In contrast, tone pair 1 and 3 in non-final positions, which was 
most resistant to improvement in perception, had minimally improved in production 
as well. However, although tone pair 3 and 4 showed great improvement in perception, 
this tone pair had minimally improved in production of the di-initial syllables. 
Similarly, tone pair 2 and 3 in the di-final position of the stimuli, which improved 
greatly in perception, was most resistant to improvement in production.       
Despite the general claim of a positive correlation between perception and 
production, the learning of these two modalities may not always be in parallel, as not 
all aspects of perceptual learning can be incorporated in production (Flege, 1999). 
Flege (1999) further pointed out that not all instances of non-native phonetic 
production have a perceptual origin. Some segments that are not used in learners’ L1 
phonetic system may present difficulty for production learning. The present results 
may also provide some support for this segment-based claim. Although, after training, 
Tone 3 became relatively easy to perceive, it remained difficult to produce. Tables 
4-12 & 4-13 further revealed that, in the di-initial syllabic productions the dipping 
tone (Tone 3) was more frequently misidentified as the rising tone (Tone 2) than as 
the falling tone (Tone 4) at pretest, whereas in the di-final syllabic productions it was 
not often misidentified as Tones 2 and 4. Instead, the falling tone production was most 193 
 
often misidentified as the dipping tone. This discrepancy probably occurred due to the 
differences in the production of the dipping tone in the di-initial position compared to 
the tone’s production in the di-final position. In the di-initial position the pitch at the 
end of the dipping tone had to rise in anticipation of the following level tone, dipping 
tone, and falling tone, and it had to fall in anticipation of the following rising tone. 
This pattern of tonal coarticulation most likely resulted in more confusion with the 
rising tone than with the falling tone. In contrast, the dipping tone in final position 
similar to that in isolation seemed to lack a rising portion completely and therefore 
was confused with the falling tone. It might be speculated that the pitch onset for the 
falling tone was not produced high enough by many non-tonal learners that it was 
more frequently misidentified as the low dipping nature of Tone 3 (without a rising 
portion). On this account, the difficulty in the production of Tone 3 might not be due 
to a failure in perception learning, but rather to the novelty of the sound itself. It might 
be that the low dipping nature of the Tone 3 pitch contour is so unfamiliar to the 
English-speaking learners that it makes articulation difficult. It is not known whether 
additional perceptual (or production) training may improve this particular tone. 
5.3.3 The Effect of Short-term Training on Tonal Modification 
The results of the present study provide supportive evidence that short-term 
training could be effective and result in highly generalized learning in both the 194 
 
perception and production of Mandarin tones. This can be evidenced by the listeners’ 
performance on the post-test and the test of generalization, which took place 
immediately after the post-test (see Sections 3.9 and 4.5). Further, the trainees were 
able to transfer the knowledge gained from training to novel stimuli spoken by a novel 
speaker, and even extend the perceptual learning to the production domain, suggesting 
that the L2 tone patterns were established in the mental representations of the trainees. 
Thus, this study demonstrated that adults’ lexical tone perceptions and productions 
could be modified by short-term laboratory training. 
5.4 Contributions, Limitations, and Future Research 
    Overall, this research has contributed to a better understanding of the effect of 
the two perceptual training approaches (the A and AM training) and the perceptual 
with production training approach (the AV training) on L2 tone learning on both the 
perception and production domains. The present finding that the effect of perceptual 
training (the A and AM groups) not only extended to new speech contexts but was 
also transferred to the production domain further indicates that perceptual training 
results in highly generalized learning, suggesting that perceptual with production 
training (the AV group) would not result in better learning outcomes in production 
accuracy than the perception training only paradigm. Specifically, the results enrich 
our knowledge of the role of L1 prosodic background in learning non-native 195 
 
suprasegmentals. Since the performance of the English-speaking learners can be 
accounted for by the PAM, this study thus contributes to the development and 
extension of the PAM at the suprasegmental level. In addition, because this model 
was originally developed to deal with non-native speech perception by naïve listeners, 
this study will also help to extend the PAM’s principles on issues of L2 perceptual 
learning. The present results also extend the segment-based SLM to the 
suprasegmental level, providing supporting evidence that non-native tone perception 
accuracy leads to production accuracy. Although this model claims a positive 
correlation between perception and production, this study further pointed out that the 
learning of these two modalities may not always be in parallel, as not all aspects of 
perceptual learning can be incorporated in production (e.g., the dipping tone) (Flege, 
1999).        
In addition, Strange (1995, p. 41) has suggested that studies that examine the 
transfer of training provide important practical information about optimal training 
procedures. The findings of the present study contribute to a better understanding of 
optimal training procedures by examining (i) the effect of Audio-only (A-only), 
Audio-Meaning (AM), and Audio-Visual (AV) feedback for training lexical tones in a 
laboratory setting, and (ii) the potential modification of trainees’ perceptions and 
productions of tones in terms of types of feedback. It was found that the effect of the 196 
 
A-only and AM training methods used in the current study was not comparable to the 
methodologies used in previous studies, and that the A-only and AM training 
approaches assisted L2 learners to learn the non-native tonal contrasts, or lexical tones 
faster, better, and with greater generalized learning than the AV training method. 
Further, the results also indicated that short-term training can have an effect on the 
modification of learners’ knowledge of the lexical tones. Thus, the findings suggest 
that the (single-channel) A-only and AM training approaches are more effective and 
helpful to Mandarin tone learning than the (dual-channel) AV training method.   
    Another contribution of the current study was the exploration of real Mandarin 
disyllabic words. Most training studies on the acquisition for learning Mandarin tones 
have focused on training monosyllabic stimuli. The current study went beyond tones 
in isolation and addressed the problem of perception and production of larger 
linguistic units, disyllabic words. Tones of the investigation were perceived and 
produced in context, and training was conducted at the phrasal levels.   
Although the current study has provided important empirical data for L2 tone 
training under laboratory conditions, this study was pedagogically motivated and 
aimed at exploring different training methods for ultimate improvement through 
training. A major contribution to the current study is the well-designed training 
experiment. It is important to note that, by design, the trainees volunteered to take the 197 
 
training as extracurricular activities. The trainees were more willing to participate in 
such activities when they were directly related to their classroom learning and when 
they had some control over the choice of the tasks based on their needs and 
preferences. The current study also provided positive support for speech technology 
which is commonly used in L2 speech perception and production research. 
Computer-based perceptual and production training paradigms adopted in the current 
study helped to enhance and supplement L2 pronunciation teaching. In addition, the 
learner-centered and self-paced training in this study helped to keep the trainees 
motivated and committed to the end and allowed each trainee to address specific 
problems identified by immediate feedback during training. The trainees could 
recycle the training sessions repeatedly at their own pace. Because of this, the entire 
course of training differed across trainees. This may not be the ideal situation for a 
study, but it resembles more the real learning situation of Chinese learners, who 
progress at different paces. Therefore, this training procedure had its advantages.   
However, several limitations of the present study have to be identified. One 
limitation of the current study was the small number of participants in the trained and 
the control groups. Only fifteen participants were assigned to the three training groups 
(five in each group) and six participants were recruited in the control group. It would 
certainly be more desirable to obtain more subjects for estimation of the training 198 
 
effect in each training group. Another problem with the experiment design was the 
lack of a retention test. It would have been more complete if the retention test had also 
been conducted to examine whether the short-term training could have a long-term 
modification of trainees’ knowledge of the lexical tones.   
In the future, training studies on learning L2 tones need to address the problem 
of perception and production of tones in larger linguistic units such as phrases and 
sentences. The investigation of longer utterances is essential in determining how 
larger linguistic units interact during non-native speech perception and production. 
While the current investigation included the study of the perception and production of 
Mandarin lexical tones by non-tonal listeners (most of them were English listeners), a 
clear follow-up study would be the investigation of the perception and production of 
the English intonation by speakers of Mandarin or another lexical tone language. It 
would be particularly illuminating to determine whether the lexical tone listeners 
would rely primarily on auditory information during the perception of English 
intonation as the English listeners in this study did during the perception of Mandarin 
lexical tones. Moreover, while the work in this thesis focused on non-tonal learners, 
future investigations should include non-native listeners of tone languages (e.g. 
Cantonese, Thai, and Vietnamese) to examine whether linguistic experience of tones 
always facilitates the perception and production of non-native tones, and whether the 199 
 
performance of listeners from different backgrounds will be different as a function of 
the use of tonality in their native languages. In addition, it has been reported above 
that some Mandarin tones are easier to be confused by other counterparts, because of 
the similarities in their tone contours. Particularly, the tone pair 2 and 3 and tone pair 
3 and 4, are found to be difficult to discern in the disyllabic stimuli for non-tonal 
learners of Mandarin in the current study. Since these findings are based on the 
performance of subjects in this study, whether the same patterns will also be observed 
from listeners of other tone languages is still uncertain. These future studies will allow 
further investigations of the acquisition of Mandarin tones as well as the interaction of 
L1 and L2 at a suprasegmental level. Thus, native speakers of other tonal languages 
should be recruited so as to have a deeper and broader understanding of 
cross-language perception and production of L2 tones. 
5.5 Conclusion 
The present study focused on both the theoretical and the methodological issues 
of the perceptual and/or production learning of lexical tones by training non-tonal L2 
learners to learn the tonal system of Mandarin. Theoretically, it examined the effects 
of the perceptual training (A and AM feedback training) and the perception with 
production training (AV feedback training) on the learning of Mandarin tonal 
perception and production. This study also examined the effects of non-tonal learners’ 200 
 
L1 prosodic background on their learning of Mandarin tones. Methodologically, this 
study examined the effectiveness of the three training approaches (the A, AM, and 
AV training groups) on non-tonal learners’ L2 tone learning.   
With regard to the effectiveness of the three training procedures, the results 
indicated that the perceptual training paradigm (i.e., the A and AM training) assisted 
L2 learners better to improve both their perceptual and production performance than 
did the perception with production training paradigm (i.e., the AV training). This 
tendency was found in Post-test phase, but not in the Pretest and Training phases of 
the present study. The findings imply that the perceptual training paradigm is helpful 
in assisting lexical tone learning, because it has the advantage of greater stimulation 
within the same amount of training time, and can help trainees to better perceive the 
Mandarin tonal contrasts. More importantly, it assists trainees to improve their tonal 
productions as well.   
With respect to the L1 prosodic effect, the results indicated that L1 effect was 
most apparent on several tone pairs across the identification tasks at different times, 
including the Training phase. The L1 effect on L2 tone learning was attributable to 
the specific characteristics of a learner’s prosodic system (i.e., F0 patterns). On the 
basis of the findings in the current study, it can be interpreted that the English 
stress-accent system facilitates tone learning. These findings have a number of 201 
 
implications. First, human speech perceptual mapping is not restricted to segments, 
but is also applicable to suprasegmentals. Second, the findings provide supporting 
evidence for the assumption that the Perceptual Assimilation Model (PAM) can be 
extended to “suprasegmental tiers” (Halle et al. 2004). Third, the PAM model makes 
the correct prediction that English listeners can discriminate tones rather easily. They 
are by no means “deaf” to tonal variations. But they fail to perceive tones along the 
lines of a well-defined and finite set of contrastive linguistic categories, in sharp 
distinction to Mandarin Chinese listeners.   
Lastly, the overall findings suggest that perceptual training only is sufficient for 
improvement in both perception and production of Mandarin tones. As the AV 
approach requires well-developed procedures, sophisticated software, equipment, etc. 
to conduct production training, the perceptual training only can be particularly helpful, 
effective, and economical to L2 learners’ learning of the tonal contrasts. Nevertheless, 
as the three training paradigms were effective, learners may choose one of them that 
accommodates their learning styles or interests. They may also take advantage of the 
three training paradigms at different times to benefit from their procedures.   
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Appendix 1. Consent Form 
 
I, Ester Ai-Wen Hsia, invite you to participate in my thesis research on the 
acquisition of Chinese as a second language. The purpose of my study is to gain a 
better understanding of some of the natural processes that underlie the way English 
speaking adults learn Taiwan Mandarin tones. Participation in my study would require 
that you fill out a questionnaire and meet with me six times within two weeks. The 
meetings will last from thirty minutes to an hour. During the meetings, I will ask you 
to perform different types of linguistic tasks. The tasks require you to respond to a 
variety of words in ways already familiar to you. Your performance on these tasks will 
be valuable to us.   
    Your participation in the study is completely voluntary. All information you 
provide me will be kept strictly confidential. It will be used for research only. You are 
welcome to ask for your personal results as well as the overall results from 
participation in the study. As a token of thanks for your assistance, you will receive 
NT$100/per hour in payment for your participation.   
        Do you have any requests or concerns you would like to voice now? 
    If you have any questions later, please contact me at National Taiwan Normal 
University, cell phone 0918963882. My email address is ester326@yahoo.com.tw.  
        If you agree to participate, please sign below.   
 
Name in print _________________________________________________________ 
Signature  ______________________________________       Date  ___________ 
Language Program _____________________________________________________ 
 
Investigator: Ester Ai-Wen Hsia 
Signature  ______________________________________       Date  ___________ 
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Appendix 2. General Questionnaire 
 
Name  ________________________________       Gender  □Male  □Female 
Place of birth __________________________    Age ____________ 
Highest academic standing      □Undergraduate     □Graduate     □ Ph. D   
Major  __________________________  Minor  ______________________________ 
Email __________________________________________ 
Telephone / Cell phone ____________________________ 
Level of Chinese  □  Beginner (< 300 contact hours of Chinese)    
□  Intermediate learner (300~600 contact hours of Chinese) 
□  Advanced learner (> 600 contact hours of Chinese) 
------------------------------------------------------------------------------------------------------- 
1. Is English your first language? If no, what is your first language? 
_____________________________________________________________________ 
2. What is your second language? 
_____________________________________________________________________ 
3. How long have you learned Mandarin Chinese? ____________________________ 
4. What is your mode of learning Mandarin Chinese? And how long have you learned 
Mandarin per week? For example, self-learning, in class learning, intensive learning 
program, one-on-one tutoring, with Chinese friends, with family member, etc.   
_____________________________________________________________________ 
_____________________________________________________________________ 
5. For what purpose(s) are you studying Mandarin and how important is it to you that 
you realize your goals? __________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
6. How often and in what contexts do you use Mandarin outside of the classroom? 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
7. Evaluate your own proficiency in Mandarin tones. Comment on your strengths and 
weaknesses in listening and speaking Mandarin tones in particular.   
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 221 
 
8. Rank-order the four tones (T1, T2, T3 and T4) from left to right according to the 
‘easiest’ to the ‘most difficult’ for you to learn.   
            Easiest tone _______, _______, _______, _______ Most difficult tone 
9. Do you regard the differences tones make to sounds significant? Why or why not? 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
10. Are you self-conscious about your tones while speaking? If yes, under what kinds 
of circumstances?______________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
11. How do you know what tone(s) a particular word has?   
_____________________________________________________________________ 
_____________________________________________________________________ 
12. What are some of the languages besides Mandarin you have learned? Indicate 
years of study in parentheses. _____________________________________________ 
_____________________________________________________________________ 
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Appendix 3. Subjects’ Reponses to Selected Items on General 
Questionnaire 
 
1. Responses to Question 4 
“What is your mode of learning Mandarin Chinese? How long have you 
learned Mandarin per week?” 
A01:  language exchange program; I study 15 hours a week at the MTC 
A03:  at Shida in class. 
A04:  5-10 self study and 15 hours in class   
A05:  during the first 3 months I was taking 2 hours a day. After that I usually 
spent 1 hour a day in the library. Now I’m taking intensive classes (3 hours 
per day) 
A06:  language exchange; 25 hours a week 
AM01:  with friends and watch movies; 2 hour in class per day 
AM02:  in class learning; one hour per week 
AM03:  2 hours per day at NTNU, 5 days a week. I have a Taiwanese roommate and 
friends. We often speak Chinese together. 
AM04:  2 hours a day in class. 1 to 2 hours a day self-study. 
AM06:  16-18 hours per week.   
AV01: intensive  class 
AV02:  1-2 hours study at library / self study for 1-2 hours / 2 hours in class / twice 
a week 1-2 hours language exchange. 
AV04: 
AV06: 
C03: 
C05: 
self-learning, a week class. 
15 hours per week. 
a game “Chinese tutor”, television in the bus, radio 
10 hours. 
 
2. Responses to Question 5 
     “For what purposes are you studying Mandarin and how important is it to 
you that you realize your goals?” 
A01: 
A03: 
 
 
A04: 
 
It’s very useful on international business and marketing. 
I just took it as an option with my business degree, and really liked it so I 
decided to continue; I would really like to become fluent because I have 
already spent a lot time studying. 
I’m interested in Chinese culture, especially tea, Buddhism and traditional 
Chinese medicine; In the future I will study all of these more extensively. 223 
 
 
3. Responses to Question 6 
        “How often and in what contexts do you use Mandarin outside of the 
classroom?” 
A03:  I rarely use Chinese out of class, only when I need directions, or want to 
A05: 
A06: 
 
 
AM01: 
 
 
AM02: 
 
AM03: 
 
 
AM04: 
AM06: 
AV01: 
 
 
AV04: 
 
 
AV05: 
 
AV06: 
 
C01: 
C02: 
C03: 
 
C04: 
 
C05: 
C06: 
Maybe entering a Taiwanese University. Personal purposes. 
Chinese is becoming an important language of both business transaction and 
social interaction; Hence it’s imperative that I learn it and use it to improve 
my career prospects. 
I’m interested in looking the biggest language in the world; I’m studying 
marketing and know that it’s a huge advantage to know Mandarin when I’ll 
be looking for jobs. 
I won a scholarship, so I’m going to study in Taiwan for five years. For me 
Chinese is important.   
I’m interested in Chinese culture and history, and want to use Chinese to 
have a fun and interesting life. It is important to learn Chinese, and to learn 
about Asia, Taiwan, and Chinese culture. 
For pleasure and interest, very important. 
I wish to live in Taiwan long term. It’s very important that I become fluent. 
I have wanted to learn Mandarin for a long time. So now I can finally realize 
that dream. I think it is pretty important to realize my goals, I’m very 
motivated. 
My target is to speak Chinese “more than less” fluent in 3 to 4 years. I study 
Chinese because I am interested in Chinese culture, 2
nd might be also 
important for future. 
I want to learn Chinese because I want to learn the 3 main languages of the 
world. 
To learn about the culture in Taiwan and I am studying Buddhism with a 
Chinese speaker. 
To learn more. 
I want to change my profession. Studying is first and important thing now. 
I hope to use Mandarin in the future because I studied in Taiwan and I know 
Chinese’s gonna be an important language. 
I can relate day to day with those I come in contact with. It is very 
important. 
To gain application to University. Very important. 
Career in Singapore. 224 
 
 
A04: 
 
A05: 
A06: 
AM01: 
 
AM03: 
AM04: 
 
 
AM06: 
AV01: 
 
AV02: 
AV04: 
 
AV05: 
 
AV06: 
 
C01: 
C02: 
C03: 
C04: 
 
C05: 
 
C06: 
order food. I hope to find a language exchange partner. 
Stores, etc… interaction with locals in daily transactions. Soon to start 
weekly language exchange. 
Not very often. 
Having conversations with Taiwanese friends; purchasing items. 
When I speak with my girlfriend (who is Taiwanese) and some of my 
roommates. 
To speak with my roommate and some friends, also at restaurants and shops.
Mostly I talk with my classmates after class Mon.-Fri. On Wed. I talk with 
some business friends. On Thursday, I usually have a language exchange. 
About every 2 days I have a conversation with a stranger. 
Ordering food, shopping, practice with classmates. Everyday 1 hour. 
Here in Taiwan I use it in my daily life (restaurants, shops, etc.) also talking 
to friends and language exchange. 
I speak a little with Taiwanese friends. 
I use it every day to buy things, go to travel, and have small conversation 
with Taiwanese friends. 
I use Chinese at home with family when I go outside and say things at 
church with friends. 
Daily. Buying food mostly, with beginner students in English to clarify 
meaning. 
I try to use Mandarin often with friends and to order food. 
Every day I use Mandarin because I live with Taiwanese family. 
Every day in the bus, the place I live in Jubei, in the street. 
I use Mandarin every day, talk to locals, some foreigners and sometimes my 
country men. 
Very often, usually to order food, ask or give directions and to talk with 
friends. 
Taxi, small talk. 
 
4. Responses to Question 7 
        “Evaluate your own proficiency in Mandarin tones. Comment on your 
strengths and weaknesses in listening and speaking Mandarin tones in 
particular.” 
A01: 
 
A03: 
My main weakness is the tone 3, especially while mixed with the tone 2 or 
another tone. The tone training helped me to improve that though. 
When I am just reading individual words, I feel like I usually am able to say 225 
 
 
 
 
 
A04: 
 
 
 
A05: 
 
A06: 
 
AM01: 
 
 
 
AM03: 
 
 
AM04: 
 
AM06: 
 
AV01: 
 
 
 
 
AV02: 
 
AV04: 
 
AV05: 
 
AV06: 
C01: 
C02: 
 
the tones (especially when looking at the tone marks on paper) When I have 
to read sentences written in Chinese characters, or answer questions, I rarely 
use the right tone. I find it hard to distinguish tones when a lot of words are 
said, but I can usually figure it out by the content. 
Aside from learning an astounding amount of characters, the tones are the 
most challenging for me. For this reason I will start to practice listening and 
speaking more often with a language exchange partner. My ability to hear 
and pronounce tones correctively esp. quickly definitely needs developing. 
Listening new words I really heard, and depending on the speaker and the 
situation gets even harder, usually with known words I can speak “naturally”
I have more or less mastered 1
st & 4
th tones. I still have to improve my 
differentiation of 2
nd & 3
rd tone. 
I understand the different meanings when people are using different tones, 
although I myself have great difficulties knowing which tones to use. I also 
mix up 2
nd and 3
rd tones quite a lot. I still have a long way to go with the 
tones. 
I think my tones and listening skills are very good. I am able to distinguish 
tone 3 fairly well. Remembering the vocabulary and grammar of Chinese is 
much harder for me than reading or listening. 
Pronunciation, I’m told is a strength. Weakness: I expected everyone to use 
the textbook sounding tones. I’ve got to be more flexible. 
Listening and speaking are both weak. Very confused between tones 2 + 3. 
Very easy to distinguish tones 1 and 4 from the rest. 
I’m think I’m an OK speaker and also listener. But I do have tone problems 
sometimes. I found it especially hard to tell exact what tones a word has 
when hearing it. It’s more like I just know how it is supposed to sound, and I 
can tell it. I or someone else pronounce it wrong. Not always of course, I 
make it a lot of mistakes as well. 
Strength : On hearing tones I can spoke an accurate version of Mandarin 
tones. Weakness: I found it difficult to identify some combination of tones. 
Speaking tones is OK. Listening tones is very difficult. Especially tones 2 
and 3 are quite difficult. 
I think my proficiency is okay. It could definitely be better. I think speaking 
is my strength and listening would be my weakness. 
Very poor for both listening and speaking. 
Very bad at listening and speaking tones. 
For me tones are very difficult to use, but I know they are very important in 
Mandarin. I try to memorize tones and practice them. I think to be good in 226 
 
 
C03: 
 
 
 
C04: 
 
C05: 
 
C06: 
tones I need time, long time. 
I’m surprised because I’m playing music and I thought it could be easy to 
make different between ˊand ˋ. But didn’t help me! For me the 3
rd tone is 
hardest, but my teacher said that the 4
th tone is the hardest for me (like other 
French people).   
Speaking is very good. Listening can be improved upon. As sometimes the 
same sound might have a different meaning. So at times it is confusing. 
Difficulty in speaking 3
rd and 2
nd tone combination. I can distinguish 
between tones, but not if it is an intricate combination. 
I don’t know what tones are. Good at reading and writing. 
 
5. Responses to Question 9 
        “Do you regard the differences tones make to sounds significant? Why or 
why not?” 
A01: 
 
A03: 
 
A04: 
 
A05: 
 
A06: 
 
AM01: 
 
 
AM03: 
 
AM04: 
AM06: 
AV01: 
 
 
AV02: 
AV04: 
 
Yes, I usually do, tones can totally change the meaning of what you’re 
saying, even if the words are the same. 
Not really – since I find it really hard to understand tones, I usually just 
understand the meaning by the context. 
I’ve found when my tones are unclear. People don’t understand me so I see 
it is essential. 
If there were no tones, a lot the words in Chinese would sound the same and 
it would be impossible to understand it. 
Yes. They are significant. Otherwise you have totally different meanings of 
the words and Characters. 
Of course it’s significant. It gives the word the meaning. Although I’ve 
heard if you speak fast enough the tones doesn’t matter, if you know the 
correct tones it makes it a lot easier. 
Yes! They are very different. Sometimes T2 and T3 sound the same, but 
usually I can hear the difference. 
Yes, they create different feelings. 4
th tone= sharp / angry. 
Sometimes tones are less important if context gives meaning. 
Yes, I think it makes them sound very different. But sometimes I find it very 
hard to exactly tell which tone it is especially when distinguishing between 
T2 and T3. 
I regard some differences subtle and some significant. 
Tones sound not always different. Especially words with [ao], [ou] in 2
nd 3
rd 
tone are very similar. Others words it is easier to understand the difference. 227 
 
AV05: 
AV06: 
C01: 
C02: 
 
 
C03: 
 
C04: 
 
C05: 
C06: 
Yes. Without knowing the difference you cannot speak Mandarin. 
The more I learn the more significant they become. 
For something yes but not all because context is important. 
Tone 4 sounds angry; for Tone 1 I use normal voice in one line; Tone 2 goes 
up; Tone 3 goes deep from up to down. Every time when I use 3
rd tone, I try 
down by my voice ˇ .  
Yes, of course. In Chinese if we pronounce a word with the bad tones, it can 
mean something else. 
Yes. T1 is close to singing, T4 – harsh, T2 – climbing a mountain, T3 
guttural.  
Yes. There is a difference. But I cannot always tell it. 
No. Tell from the context. 
 
6. Responses to Question 10 
    “Are you self-conscious about your tones while speaking? If yes, under what 
kinds of circumstances?” 
A01: 
A03: 
 
A04: 
 
 
A05: 
 
A06: 
AM01: 
 
AM03: 
 
 
AM04: 
 
AM06: 
 
 
 
AV01: 
Normally not, I just speak the the same way I’ve heard the words before. 
Yes – always! When I have to answer questions or read Chinese characters, 
especially. 
Yes. Because it’s hard for me to speak correct tones at a regular speed of 
conversation. In the stores and restaurants I often feel people don’t want to 
wait for me. 
I don’t think I’m self-conscious of my tones. Most of the words I knew on 
the phones come to me were almost in a mechanical way.   
Very self-conscious especially in class and around new people. 
Yes, when I speak in the classroom, I pay more attention. When I’m in a 
shop, I need to make myself 100% understood. 
No; the words + phrases that I know, I usually say with the correct tone. In 
class and in shops, my words and tones are usually understood, I’m not too 
self-conscious. 
Only in class, especially when reading out loud. Otherwise I don’t pay 
attention. 
Sometimes, if I am using words that I am more familiar (i.e. I remember the 
proper tones), then I will pay attention to my pronunciation of tones. If I 
don’t remember, I try to say the word without thinking, hoping my 
subconscious will let the correct pronunciation out. 
Sometimes yes. If I notice I pronounce something completely wrong. Or if it 228 
 
 
AV02: 
 
 
AV04: 
 
 
AV05: 
 
AV06: 
 
C01: 
C02: 
 
C03: 
 
C04: 
C05: 
C06: 
is a new word I have not used a lot. 
The requirement to speak tones means that I’m aware of a need to 
concentrate on speaking more accurately. This means it’s less relaxing to 
speak in Chinese. 
If I know the tone, people can understand “more than less” easily – because 
my pronunciation is better than listening tones. If I don’t know the tones, 
people will understand by the structure of the sentence. 
Some of the time I am aware and I am not aware. I am aware sometimes 
when people do not understand me. 
Yes, I consider my tones to be very bad. I simply do not know them very 
well. 
Yes. When speaking to other Chinese speakers. 
If I hear new words I don’t know the tones, but if I will use many times I 
will remember. 
Yes, sometimes I know the tones because I’ve already learnt them, 
sometimes not because I forget them even I know. It’s not good. 
Yes. At all times. 
Yes, usually when speaking in class or to strangers. 
No. T4 is angry emotion. 
 
7. Responses to Question 11 
      “How do you know what tone(s) a particular word has?” 
A01: 
A03: 
 
A04: 
A05: 
 
A06: 
AM01: 
AM03: 
 
AM04: 
AM06: 
AV01: 
 
AV02: 
By listening or remembering. 
By memorization of the Pinyin and tones. A lot of words I don’t memorize 
the tone. 
Unless I’ve heard if before or the pronunciation is written, I have no idea. 
Most of the time is because I know the word or I have studied. It is really 
hard for me to know the tone of a word I don’t know. 
Recognize the Chinese and relate it to a similar word or meaning. 
I listen carefully. 
I remember the sound of the words from hearing other people say them 
many times. Like a song melody stuck in your head. 
I don’t, usually I just mimic the sound the other person is making. 
Compare tones heard to tones of words I already know. 
I often memorize how the word “sounds” when I learn a new word. So 
sometimes I’m not aware of what tones, just how it’s supposed to “sound”. 
Only from Pinyin or from habitual use. 229 
 
AV04: 
 
AV05: 
AV06: 
C01: 
C02: 
C03: 
C04: 
C05: 
C06: 
Studying is most important. Studying first, practicing second, try to 
understand by tape (CD), try to understand in conversation. 
By its rising and falling sound and pitch. 
I don’t! Memorization. 
Memorize sounds. 
From learning and from daily life. 
I know them because usually we’ve already learnt it. 
The Pinyin. 
I can hear it. 
No idea. Only the T4. 
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Appendix 4. Stimulus Words 
 
Stimulus Words in Pretest 
1.   街道 jie1  dao4  2.  黑板 hei1  ban3 
3.   每天 mei3  tian1  4.  足球 zu2  qiu2 
5.   時鐘 shi2  zhong1  6.  手錶 shou3  biao3 
7.   南瓜 nan2 gua1  8.  首都 shou3  du1 
9.   顏色 yan2  se4  10.  晚飯 wan3  fan4 
11.  電燈 dian4  deng1  12.  公車 gong1  che1 
13.  水果 shui3  guo3  14.  頭髮 tou2  fa3 
15.  新聞 xin1  wen2  16.  蛋糕 dan4  gao1 
17.  作業 zuo4  ye4  18.  語言 yu3  yan2 
19.  香港 xiang1  gang3  20.  小船 xiao3  chuan2 
21.  游泳 you2  yong3  22.  歷史 li4  shi3 
23.  火車 huo3  che1  24.  書包 shu1  bao1 
25.  眉毛 mei2  mao2  26.  宿舍 su4  she4 
27.  課本 ke4  ben3  28.  信封 xin4  feng1 
29.  鉛筆 qian1  bi3  30.  電腦 dian4  nao3 
31.  比賽 bi3  sai4  32.  雞蛋 ji1  dan4 
33.  銀行 yin2  hang2  34. 下棋 xia4  qi2 
35.  雨傘 yu3  san3  36. 書房 shu1  fang2 
37.  房客 fang2  ke4  38. 大學 da4  xue2 
39.  文章 wen2  zhang1  40. 學校 xue2  xiao4 
41.  飛機 fei1  ji1  42.  睡覺 shui4  jiao4 
43.  露營 lu4  ying2   44.  牛奶 niu2  nai3 
45.  音樂 yin1  yue4  46.  考試 kao3  shi4 
47.  旅行 lu3  xing2  48. 金錢 jin1 qian2   
49.  毛衣 mao2  yi1  50.  警察 jing3  cha2 
51.  煮菜 zhu3  cai4  52. 科學 ke1  xue2 
53.  獎金 jiang3  jin1  54. 字典 zi4  dian3 
55.  球場 qiu2  chang3  56. 工作 gong1  zuo4 
57.  運動 yun4  dong4  58. 太陽 tai4 yang2 
59.  冰箱 bing1  xiang1  60. 洗澡 xi3  zao3 
61.  逛街 guang4 jie1  62. 食物 shi2  wu4 
63.  帆船 fan2  chuan2  64. 身體 shen1  ti3 231 
 
Stimulus Words in Post test 
 
1.   水果 shui3  guo3  2.  香港 xiang1  gang3 
3.   宿舍 su4  she4  4.  歷史 li4  shi3 
5.   鉛筆 qian1  bi3  6.  雞蛋 ji1  dan4 
7.   考試 kao3  shi4  8.  房客 fang2  ke4 
9.   飛機 fei1  ji1  10.  金錢 jin1 qian2 
11.  電燈 dian4  deng1  12.  學校 xue2  xiao4 
13.  街道 jie1  dao4  14.  頭髮 tou2  fa3 
15.  新聞 xin1  wen2  16.  銀行 yin2  hang2 
17.  作業 zuo4  ye4  18.  下棋 xia4  qi2 
19.  黑板 hei1  ban3  20.  小船 xiao3  chuan2 
21.  游泳 you2  yong3  22.  足球 zu2  qiu2 
23.  火車 huo3  che1  24.  露營 lu4  ying2 
25.  眉毛 mei2  mao2  26.  每天 mei3  tian1 
27.  課本 ke4  ben3  28.  公車 gong1  che1 
29.  時鐘 shi2  zhong1  30.  電腦 dian4  nao3 
31.  比賽 bi3  sai4  32.  手錶 shou3  biao3 
33.  蛋糕 dan4  gao1  34. 語言 yu3  yan2 
35.  雨傘 yu3  san3  36. 旅行 lu3  xing2 
37.  首都 shou3  du1  38. 大學 da4  xue2 
39.  文章 wen2  zhang1  40. 信封 xin4  feng1 
41.  顏色 yan2  se4  42.  睡覺 shui4  jiao4 
43.  書包 shu1  bao1  44.  牛奶 niu2  nai3 
45.  音樂 yin1  yue4  46.  南瓜 nan2 gua1 
47.  書房 shu1  fang2  48. 晚飯 wan3  fan4 
49.  工作 gong1  zuo4  50.  帆船 fan2  chuan2 
51.  洗澡 xi3  zao3  52. 運動 yun4  dong4 
53.  食物 shi2  wu4  54. 冰箱 bing1  xiang1 
55.  球場 qiu2  chang3  56. 毛衣 mao2  yi1 
57.  科學 ke1  xue2  58. 太陽 tai4 yang2 
59.  字典 zi4  dian3  60. 煮菜 zhu3  cai4 
61.  逛街 guang4 jie1  62. 獎金 jiang3  jin1 
63.  警察 jing3  cha2  64. 身體 shen1  ti3 
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Stimulus Words in Generalization Test 
 
1.   知識 zhi1  shi4  2.  服務 fu2  wu4 
3.   幸福 xing4  fu2  4.  辛苦 xin1  ku3 
5.   公司 gong1  si1  6.  口渴 kou3  ke3 
7.   麵條 mian4  tiao2  8.  除草 chu2  cao3 
9.   好久 hao3  jiu3  10.  情況 qing2  kuang4 
11.  東西 dong1  xi1  12.  夕陽 xi4  yang2 
13.  熱水 re4  shui3  14.  風雨 feng1  yu3 
15.  明天 ming2  tian1  16.  放心 fang4  xin1 
17.  沒有 mei2  you3  18.  緊張 jin3  zhang1 
19.  工廠 gong1  chang3  20.  美語 mei3  yu3 
21.  體育 ti3  yu4  22.  圓形 yuan2  xing2 
23.  其他 qi2  ta1  24.  最少 zui4  shao3 
25.  廣播 guang3  bo1  26.  將來 jiang1  lai2 
27.  平常 ping2  chang2  28.  細胞 xi4  bao1 
29.  整齊 zheng3  qi2  30.  波浪 bo1  lang4 
31.  交通 jiao1  tong1  32.  小時 xiao3  shi2 
33.  節目 jie2  mu4  34. 見面 jian4  mian4 
35.  禮物 li3  wu4  36. 原因 yuan2  yin1 
37.  漂亮 piao4  liang4  38. 毛筆 mao2 bi3 
39.  幫忙 bang1  mang2  40. 跳蚤 tiao4  zao3 
41.  午睡 wu3  shui4  42.  主人 zhu3  ren2 
43.  同情 tong2  qing2   44.  世界 shi4  jie4 
45.  烤鴨 kao3  ya1  46.  家庭 jia1  ting2 
47.  出去 chu1  qu4  48. 夜班 ye4  ban1 
49.  通知 tong1  zhi1  50.  沒錢 mei2  qian2  
51.  奇怪 qi2  guai4   52. 請進 qing3 jin4 
53.  老鼠 lao3  shu3  54. 要求 yao1  qiu2 
55.  雨衣 yu3  yi1   56. 太貴 tai4 gui4   
57.  在家 zai4  jia1  58. 時間 shi2  jian1 
59.  真好 zhen1  hao3   60. 認為 ren4  wei2 
61.  電影 dian4  ying3  62. 好玩 hao3 wan2 
63.  行走 xing2  zou3  64. 乾淨 gan1  jing4 
 233 
 
Appendix 5. Tone Identification Task 
 
 
 
Name  _________________________________________   Date  ____________ 
 
 
Directions 
     
 
You will be listening to a recording of a female Chinese adult. The speaker will 
deliver 64 disyllabic words in Mandarin. The disyllabic words are delivered at a rate 
of one per four seconds. Each word is uttered only once. Your task is to identify the 
tones of the each word spoken. Do this by supplying on your record sheet the tonal 
diacritic that corresponds best to the syllabic tone you hear. Mark the tonal diacritic 
above the main vowel of the relevant printed syllable. The Mandarin tonal diacritics 
are [ ¯ ] for level tone, [ ʹ ] for rising tone, [ ˇ ] for dipping, and [ ` ] for falling tone. If 
you are unsure about the tone of a particular syllable, make your best guess. If you 
decide what you hear does not correspond to any of the four tones, write “none” 
category. All the stimuli include no neutral tones. Do not leave any syllable unmarked. 
Try to keep up with the word delivery rate.   
        Look over the record sheets before you begin. You will proceed from up to down 
the page. Provide tonal diacritics after you have heard the entire word. The entire task 
will take about 6 minutes to complete. If you have any questions about what you are 
supposed to do, please ask them now. Thank you for your cooperation. 
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Tone Identification Task in Pretest 
 
1.   jie-dao  2.  hei-ban 
3.   mei-tian  4.  zu-qiu 
5.   shi-zhong  6.  shou-biao 
7.   nan-gua  8.  shou-du 
9.   yan-se  10.  wan-fan 
11.  dian-deng  12.  gong-che 
13.  shui-guo  14.  tou-fa 
15.  xin-wen  16.  dan-gao 
17.  zuo-ye  18.  yu-yan 
19.  xiang-gang  20.  xiao-chuan 
21.  you-yong  22.  li-shi 
23.  huo-che  24.  shu-bao 
25.  mei-mao  26.  su-she 
27.  ke-ben  28.  xin-feng 
29.  qian-bi  30.  dian-nao 
31.  bi-sai  32.  ji-dan 
33. yin-hang  34. xia-qi 
35. yu-san  36. shu-fang 
37. fang-ke  38. da-xue 
39. wen-zhang  40. xue-xiao 
41.  fei-ji  42.  shui-jiao 
43.  lu-ying   44.  niu-nai 
45.  yin-yue  46.  kao-shi 
47. lu-xing  48. jin-qian 
49. mao-yi  50. jing-cha 
51.  zhu-cai  52. ke-xue 
53.  jiang-jin  54. zi-dian 
55.  qiu-chang  56. gong-zuo 
57.  yun-dong  58. tai-yang 
59.  bing-xiang  60. xi-zao 
61. guang-jie  62. shi-wu 
63.  fan-chuan  64. shen-ti 
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Tone Identification Task in Post test 
 
1.   shui-guo  2.  xiang-gang 
3.   su-she  4.  li-shi 
5.   qian-bi  6.  ji-dan 
7.   kao-shi  8.  fang-ke 
9.   fei-ji  10.  jin-qian 
11.  dian-deng  12.  xue-xiao 
13.  jie-dao  14.  tou-fa 
15.  xin-wen  16.  yin-hang 
17.  zuo-ye  18.  xia-qi 
19.  hei-ban  20.  xiao-chuan 
21.  you-yong  22.  zu-qiu 
23.  huo-che  24.  lu-ying 
25.  mei-mao  26.  mei-tian 
27.  ke-ben  28.  gong-che 
29.  shi-zhong  30.  dian-nao 
31.  bi-sai  32.  shou-biao 
33. dan-gao  34. yu-yan 
35. yu-san  36. lu-xing 
37. shou-du  38. da-xue 
39. wen-zhang  40. xin-feng 
41.  yan-se  42.  shui-jiao 
43.  shu-bao  44.  niu-nai 
45.  yin-yue  46.  nan-gua 
47. shu-fang  48. wan-fan 
49. gong-zuo  50. fan-chuan 
51.  xi-zao  52. yun-dong 
53.  shi-wu  54. bing-xiang 
55.  qiu-chang  56. mao-yi 
57.  ke-xue  58. tai-yang 
59.  zi-dian  60. zhu-cai 
61. guang-jie  62. jiang-jin 
63.  jing-cha  64. shen-ti 
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Tone Identification Task in Generalization Test 
 
1.   zhi-shi  2.  fu-wu 
3.   xing-fu  4.  xin-ku 
5.   gong-si  6.  kou-ke 
7.   mian-tiao  8.  chu-cao 
9.   hao-jiu  10.  qing-kuang 
11.  dong-xi  12.  xi-yang 
13.  re-shui  14.  feng-yu 
15.  ming-tian  16.  fang-xin 
17.  mei-you  18.  jin-zhang 
19.  gong-chang  20.  mei-yu 
21.  ti-yu  22.  yuan-xing 
23.  qi-ta  24.  zui-shao 
25.  guang-bo  26.  jiang-lai 
27.  ping-chang  28.  xi-bao 
29.  zheng-qi  30.  bo-lang 
31.  jiao-tong  32.  xiao-shi 
33. jie-mu  34. jian-mian 
35. li-wu  36. yuan-yin 
37. piao-liang  38. mao-bi 
39. bang-mang  40. tiao-zao 
41.  wu-shui  42.  zhu-ren 
43.  tong-qing  44.  shi-jie 
45.  kao-ya  46.  jia-ting 
47. chu-qu  48. ye-ban 
49. tong-zhi  50. mei-qian   
51.  qi-guai   52. qing-jin 
53.  lao-shu  54. yao-qiu 
55.  yu-yi   56. tai-gui 
57.  zai-jia  58. shi-jian 
59.  zhen-hao   60. ren-wei 
61. dian-ying  62. hao-wan 
63.  xing-zou  64. gan-jing 
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Appendix 6. Tone Productions in Post-test 
 
 
Task 1: The Repetition Task   
 
 
Directions 
 
    You will listen, over headphones, to the same recording you heard during our last 
meeting. As you may recall, you will hear 64 disyllabic words in Mandarin. Your task 
is to repeat each word aloud as you hear it. To help you complete this task, you have 
an available reference with all the words you will hear printed in pinyin. You may 
choose not to look at this printed reference at all or only sometimes and simply repeat 
the words as you hear them. If you choose to look at the reference while performing 
the task, you will notice that the tonal diacritics of the words are missing. You will 
have to produce the tones of each word from memory.     
    When you repeat the words aloud, speak in a voice you find natural and 
comfortable but loud enough to be recordable. It will take about 8 minutes to 
complete this task. Familiarize yourself with the printed reference before you begin. If 
you have any questions, please ask them now.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 238 
 
Task 1: The Repetition Task   
 
1.   水果 shui3  guo3  2.  香港 xiang1  gang3 
3.   宿舍 su4  she4  4.  歷史 li4  shi3 
5.   鉛筆 qian1  bi3  6.  雞蛋 ji1  dan4 
7.   考試 kao3  shi4  8.  房客 fang2  ke4 
9.   飛機 fei1  ji1  10.  金錢 jin1 qian2 
11.  電燈 dian4  deng1  12.  學校 xue2  xiao4 
13.  街道 jie1  dao4  14.  頭髮 tou2  fa3 
15.  新聞 xin1  wen2  16.  銀行 yin2  hang2 
17.  作業 zuo4  ye4  18.  下棋 xia4  qi2 
19.  黑板 hei1  ban3  20.  小船 xiao3  chuan2 
21.  游泳 you2  yong3  22.  足球 zu2  qiu2 
23.  火車 huo3  che1  24.  露營 lu4  ying2 
25.  眉毛 mei2  mao2  26.  每天 mei3  tian1 
27.  課本 ke4  ben3  28.  公車 gong1  che1 
29.  時鐘 shi2  zhong1  30.  電腦 dian4  nao3 
31.  比賽 bi3  sai4  32.  手錶 shou3  biao3 
33.  蛋糕 dan4  gao1  34. 語言 yu3  yan2 
35.  雨傘 yu3  san3  36. 旅行 lu3  xing2 
37.  首都 shou3  du1  38. 大學 da4  xue2 
39.  文章 wen2  zhang1  40. 信封 xin4  feng1 
41.  顏色 yan2  se4  42.  睡覺 shui4  jiao4 
43.  書包 shu1  bao1  44.  牛奶 niu2  nai3 
45.  音樂 yin1  yue4  46.  南瓜 nan2 gua1 
47.  書房 shu1  fang2  48. 晚飯 wan3  fan4 
49.  工作 gong1  zuo4  50.  帆船 fan2  chuan2 
51.  洗澡 xi3  zao3  52. 運動 yun4  dong4 
53.  食物 shi2  wu4  54. 冰箱 bing1  xiang1 
55.  球場 qiu2  chang3  56. 毛衣 mao2  yi1 
57.  科學 ke1  xue2  58. 太陽 tai4 yang2 
59.  字典 zi4  dian3  60. 煮菜 zhu3  cai4 
61.  逛街 guang4 jie1  62. 獎金 jiang3  jin1 
63.  警察 jing3  cha2  64. 身體 shen1  ti3 
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Task 2: The Oral Translation Task   
 
 
Directions 
 
    For this task, you will attempt to translate a total of 64 disyllabic Mandarin 
words from English into Mandarin. The words you are to translate are written on the 
half-fold A4 size index cards and arranged in a loose-leaf folder. You will turn the 
index cards one at a time from first to last at your own pace. Your task is to think of 
the Mandarin equivalent of the English word you see on the index card and then say it 
out loud. If you cannot recall the word but are quite confident you know it, turn to the 
backside of the index card where the word is written in Chinese characters and in 
pinyin (without tonal diacritics). If you are unsure how to pronounce a word, make 
your best guess. It will take about 10 minutes to complete this task. If you have any 
questions, please ask them now.   
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Task 2: The Oral Translation Task 
 
1.   dan-gao  2.  yu-yan 
3.   yu-san  4.  lu-xing 
5.   shou-du  6.  da-xue 
7.   wen-zhang  8.  xin-feng 
9.   yan-se  10.  shui-jiao 
11.  shu-bao  12.  niu-nai 
13.  yin-yue  14.  nan-gua 
15.  shu-fang  16.  wan-fan 
17.  gong-zuo  18.  fan-chuan 
19.  xi-zao  20.  yun-dong 
21.  shi-wu  22.  bing-xiang 
23.  qiu-chang  24.  mao-yi 
25.  ke-xue  26.  tai-yang 
27.  zi-dian  28.  zhu-cai 
29.  guang-jie  30.  jiang-jin 
31.  jing-cha  32.  shen-ti 
33. shui-guo  34. xiang-gang 
35. su-she  36. li-shi 
37. qian-bi  38. ji-dan 
39. kao-shi  40. fang-ke 
41.  fei-ji  42.  jin-qian 
43.  dian-deng  44.  xue-xiao 
45.  jie-dao  46.  tou-fa 
47. xin-wen  48. yin-hang 
49. zuo-ye  50. xia-qi 
51.  hei-ban  52. xiao-chuan 
53.  you-yong  54. zu-qiu 
55.  huo-che  56. lu-ying 
57.  mei-mao  58. mei-tian 
59.  ke-ben  60. gong-che 
61. shi-zhong  62. dian-nao 
63.  bi-sai  64. shou-biao 
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Task 3: The Reading Aloud Task   
 
 
Directions 
 
For the third task of post-test, you will read aloud disyllabic Mandarin tones in 
pinyin with tonal diacritics. You will read the words from left to right down the page. 
If you are unsure how to pronounce a word, make your best guess. To help you pace 
yourself in reading these words out loud, you will be prompted once every four 
seconds in delivering disyllabic words. Speak in a voice you find natural and 
comfortable but loud enough to be recordable. It will take about 5 minutes to 
complete this task. If you have any questions, please ask them now.   
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Task 3: The Reading Aloud Task 
 
1.   水果 shui3  guo3  2.  香港 xiang1  gang3 
3.   宿舍 su4  she4  4.  歷史 li4  shi3 
5.   鉛筆 qian1  bi3  6.  雞蛋 ji1  dan4 
7.   考試 kao3  shi4  8.  房客 fang2  ke4 
9.   飛機 fei1  ji1  10.  金錢 jin1 qian2 
11.  電燈 dian4  deng1  12.  學校 xue2  xiao4 
13.  街道 jie1  dao4  14.  頭髮 tou2  fa3 
15.  新聞 xin1  wen2  16.  銀行 yin2  hang2 
17.  作業 zuo4  ye4  18.  下棋 xia4  qi2 
19.  黑板 hei1  ban3  20.  小船 xiao3  chuan2 
21.  游泳 you2  yong3  22.  足球 zu2  qiu2 
23.  火車 huo3  che1  24.  露營 lu4  ying2 
25.  眉毛 mei2  mao2  26.  每天 mei3  tian1 
27.  課本 ke4  ben3  28.  公車 gong1  che1 
29.  時鐘 shi2  zhong1  30.  電腦 dian4  nao3 
31.  比賽 bi3  sai4  32.  手錶 shou3  biao3 
33.  蛋糕 dan4  gao1  34. 語言 yu3  yan2 
35.  雨傘 yu3  san3  36. 旅行 lu3  xing2 
37.  首都 shou3  du1  38. 大學 da4  xue2 
39.  文章 wen2  zhang1  40. 信封 xin4  feng1 
41.  顏色 yan2  se4  42.  睡覺 shui4  jiao4 
43.  書包 shu1  bao1  44.  牛奶 niu2  nai3 
45.  音樂 yin1  yue4  46.  南瓜 nan2 gua1 
47.  書房 shu1  fang2  48. 晚飯 wan3  fan4 
49.  工作 gong1  zuo4  50.  帆船 fan2  chuan2 
51.  洗澡 xi3  zao3  52. 運動 yun4  dong4 
53.  食物 shi2  wu4  54. 冰箱 bing1  xiang1 
55.  球場 qiu2  chang3  56. 毛衣 mao2  yi1 
57.  科學 ke1  xue2  58. 太陽 tai4 yang2 
59.  字典 zi4  dian3  60. 煮菜 zhu3  cai4 
61.  逛街 guang4 jie1  62. 獎金 jiang3  jin1 
63.  警察 jing3  cha2  64. 身體 shen1  ti3 
 